m^m^^m.:;' 


■ 





,      "   '  .       .. 


"        '    -   - 


tl-:jij>:'i;.        ■:...'.•:  •—.!? 


(p_^/Z^^;t 


^Z^££^  <C^L. 


Digitized  by  the  Internet  Archive 
in  2010 


http://www.archive.org/details/newcompletearithOOwhit 


WHITE'S  NEW  TWO- BOOK  SERIES 


A   NEW 
COMPLETE    ARITHMETIC 

UNITING   ORAL  AND   WRITTEN  EXERCISES 

AND    INCLUDING 

AN   INTRODUCTION   TO  ALGEBRA 

BY 

EMERSON  E.  WHITE,  A.M.,  LL.D. 

AUTHOR   OF   "  SERIES   OF   MATHEMATICS,"    "  ELEMENTS  OF 
PEDAGOGY,"   "  SCHOOL   MANAGEMENT,"    ETC. 


»S»Cc 


NEW  YORK  •:•  CINCINNATI  •:•  CHICAGO 

AMERICAN    BOOK    COMPANY 


WHITE'S    MATHEMATICS. 
Oral  Lessons  in  Number      .     .     .     .  $  .40 

(FOR    TEACHERS) 

First  Book  of  Arithmetic 30 

New  Complete  Arithmetic 65 

Grammar  School  Algebra    ....     1.00 

School  Algebra 1.00 

Elements  of  Geometry 1.25 

WHITE'S  SYSTEM  OF  PEDAGOGY. 

Elements  of  Pedagogy 1.00 

School  Management  and  Moral  Training  1.00 
The  Art  of  Teaching 1.00 

WHITE'S   SCHOOL   RECORDS. 

New  School  Register 60 

Teachers'  Class  Record 60 

Monthly  School  Record  .     .     .     .     .       .40 


Copyright,  1883,  by  Van  Antwerp,  Bragg,  &  Co. 
Copyright,  1897  and  1901,  by  American  Book  Company. 

Entered  at  Stationers'  Hall,  London. 
W.  NEW  comp.  ab. 

E-  P      22 


PREFACE. 


The  opening  of  a  new  century  seems  a  fitting  time  to 
bring  this  treatise  fully  up  to  the  best  practice  in  the  teach- 
ing of  arithmetic.  The  only  material  changes  needed  in  the 
arithmetic  proper  are  the  addition  of  a  review  of  percentage 
by  fraction  processes  and  a  fuller  treatment  of  proportional 
parts. 

The  New  Complete  Arithmetic  contains  an  unusual  number 
and  variety  of  practical  problems.  To  obtain  the  data  for 
these  problems,  the  author  has  gone  to  science  and  industry, 
and  to  business  men  for  present  business  usages.  It  has 
been  his  aim  to  eliminate  all  obsolete  terms  and  subjects, 
and  to  present,  as  far  as  practicable,  current  values.  Special 
attention  is  called  to  the  treatment  of  the  Metric  System,  in 
which  formal  tables  are  omitted,  and  the  metric  denomina- 
tions presented  on  the  decimal  scale. 

The  characteristics  that  have  given  this  Series  of  Arith- 
metics wide  and  successful  use  are : 

1.  A  special  adaptation  in  matter  and  method  to  the  grades 
of  pupils  for  which  each  book  is  designed. 

2.  A  practical  union  of  oral  and  written  exercises  in  a  natu- 
ral system  of  instruction. 
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ly  PREFACE. 

3.  A  true  and  practical  embodiment  of  the  inductive  method, 
in  which  definitions,  principles,  and  rides  follow  processes  and 
problems. 

4.  The  great  number  and  variety  and  practiced  character  of 
the  problems. 

The  chief  aim  of  the  introductory  lessons  in  algebra  is  to 
make  pupils  familiar  with  the  use  of  the  algebraic  equation 
in  the  solution  of  problems  (the  algebraic  method),  thus 
correlating  arithmetic  and  algebra  in  a  practical  manner. 

The  subject  is  presented  as  fully  as  it  can  be  taught  with 
advantage  in  any  grammar  school.  Technical  algebra  has 
no  such  superior  value  as  justifies  its  introduction  before 
arithmetic  is  properly  completed.  The  practical  value  of  the 
subject  when  taught  in  connection  with  arithmetic  is  almost 
wholly  limited  to  the  use  of  the  algebraic  method  in  the 
solution  of  problems  and  the  statement  of  formulas. 

Care  has  been  taken  to  present  only  the  technical  nota- 
tion and  processes  most  useful  in  the  solution  of  problems, 
and  the  problems  given  relate  to  subjects  iu eluded  in  the 
arithmetic.  It  is  believed  that  the  lessons  here  given  can 
be  readily  mastered  in  connection  with  arithmetic  in  the 
eighth  school  year,  or  in  a  half  year  or  term  with  daily 
lessons.  No  attempt  has  been  made  to  include  matter  that 
properly  belongs  to  text-books  for  high  schools. 
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WHITE'S 
NEW   COMPLETE   AEITHMETIO. 


PRELIMINARY    DEFINITIONS. 

Article  1.     A  Unit  is  one. 

Art.  2.  A  Number  is  a  unit  or  a  collection  of 
units. 

Art.  3.  Arithmetic  is  the  science  and  the  art  of 
numbers. 

As  a  science,  arithmetic  treats  of  the  properties,  relations,  and 
principles  of  numbers ;  as  an  art,  it  treats  of  numerical  compu- 
tation. 

Art.  4.  An  Integer  is  a  number  composed  of  whole 
or  entire  units;  as,  5,  12,  20.  It  is  also  called  a  Whole 
Number. 

An  integer  is  composed  of  integral  units,  and  a  fraction  is 
composed  of  fractional  units  (Art.  72). 

Art.  5.     Numbers  are  either  Concrete  or  Abstract. 
A  Concrete  Number  is  applied  to  a  particular  thing 
or  quantity;  as,  4  stars,  6  hours. 
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An  Abstract  Number  is  not  applied  to  a  particular 
thing  or  quantity;  as,  4,  6,  20. 

A  concrete  number  is  composed  of  concrete  units;  and  an 
abstract  number,  of  abstract  units. 

Art.  6.  A  Problem  is  a  question  proposed  for  solu- 
tion. 

Art.  7.  An  Example  is  a  problem  used  to  illustrate 
a  process  or  a  principle. 

Art.  8.     A  Rule  is  a  general  description  of  a  process. 

Art.  9.  In  the  Written  Solution  of  a  problem,  the 
results  of  the  successive  steps  are  written. 

In  the  Mental  Solution  of  a  problem,  the  results  of 
the  successive  steps  are  not  written. 


NUMERATION  AND  NOTATION 

ORAL         EXERCISES. 

1.  How  many  tens  and  how  many  units  in  37?  65? 
84?    90?    75?     18?     60?     80? 

2.  Read  29;  47;  85;  70;.  77;  90. 

3.  How  many  hundreds,  tens,  and  units  in  368? 
427?    549?    608?    680?    600?    806?    860?    800? 

4.  Read  452;  506;  560;  600;  784;  690;  900;  909. 

5.  How  many  ten-thousands  and  how  many  thou- 
sands in  48500?     83250?    50400?     60070?     82405? 

6.  Read  37500;  84250;  70840;  92080;  90900. 

7.  How  many  hundred-thousands,  ten-thousands,  and 
thousands  in  456048?  707803?  680435?  700450? 
650048?    805347?    170480? 
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8.  Read  the  thousands'  period  in  3045;  40607; 
150482;  405360;  920400;  600060;  508320. 

9.  Read  first  the  thousands'  period  and  then  the 
units'  period  in  65671;  120408;  400750;  650400;  80008. 

10.  Read  4503740.6;  520600480;  138405050. 

11.  Read  50008140;  600650508;  805000030. 

12.  Read  5308008450;  35006060600;  120500408080. 

13.  Read  7008360004;  302000860060;  500080800008. 


WRITTEN     EXERCISES. 

14.  Express  in  figures  the  number  composed  of  5 
thousands,  7  tens,  and  3  units. 

15.  Express  in  figures  the  number  composed  of  4 
ten-thousands,  6  hundreds,  and  5  units. 

16.  Express  in  figures  50  thousands  and  40  units ; 
406  thousands  and  30  units;  700  thousands  and  7 
units;  650  thousands  and  13  units. 

Express  the  following  numbers  in  figures: 

17.  Five  million  five  thousand  five  hundred. 

18.  Sixty  million  sixty  thousand  and  sixty. 

19.  Seven  hundred  million  seven  hundred  thousand 
seven  hundred. 

20.  Five  hundred  sixty  million  sixty-eight  thousand. 

21.  Four  billion  fourteen  million  forty-five  thousand. 

22.  Sixty-five  billion  six  thousand  and  fifty. 

23.  Three  hundred  fifty  billion  forty-nine  million. 

24.  Seventeen  trillion  seventy  billion  seven  hundred 
thousand  four  hundred. 

25.  Fifty-six  trillion  sixteen  million  and  ninety. 

26.  Seven  quadrillion  eighty-five  billion  two  hundred 
and  four. 

27.  Eighty-five  billion  fifteen  thousand. 

28.  Ninety  million  nine  hundred  fifty. 
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DEFINITIONS,    PRINCIPLES,    AND    RULES. 

Art.  10.  There  are  three  methods  of  expressing  num- 
bers, viz : 

1.  By  words;  as,  five,  fifty,  etc. 

2.  By  letters,  called  the  Roman  method. 

3.  By  figures,  called  the  Arabic  method. 

Art.  11.  In  the  Roman  Notation,  numbers  are  ex- 
pressed by  means  of  the  seven  capital  letters,  I,  V,  X, 
L,  C,  D,  M. 

I  denotes  one;  V,  five;  X,  ten;  L,  fifty;  C,  one  hun- 
dred ;  D,  five  hundred ;  M,  one  thousand.  All  other  num- 
bers are  expressed  by  repeating  or  combining  these  letters. 

A  bar  placed  over  a  letter,  as  D,  M,  multiplies  its  value 
by  one  thousand. 

Art.  12.  In  the  Arabic  Notation,  numbers  are  ex- 
pressed by  means  of  characters  called  figures.  There 
are  ten  figures;  viz,  0,  1,  2,  3,  4,  5,  6,  7,  8,  9. 

The  first  (0)  is  called  naught,  cipher,  or  zero,  and  is  used 
to  fill  vacant  orders.  The  other  nine  figures  are  called 
significant  figures,  since  each  denotes  one  or  more  units. 
The  ten  Arabic  figures  are  called  digits;  also  numerals. 

Art.  13.  Notation  is  the  art  of  expressing  numbers 
by  figures  or  letters. 

Art.  14.  Numeration  is  the  art  of  reading  numbers 
expressed  by  figures  or  letters. 

The  term  Notation  is  commonly  used  to  denote  the  writing  of 
numbers  by  figures ;  and  Numeration,  the  reading  of  numbers 
expressed  by  figures. 

Art.  15.  The  successive  figures  which  express  a  num- 
ber denote  successive  Orders  of  Units.  These  orders  are 
numbered  from  the  right,  as  first,  second,  third,  fourth, 
and  so  on. 
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Art.  16.  A  figure  standing  in  the  first  order  denotes 
ones  or  units;  in  the  second  order,  tens;  in  the  third 
order,  hundreds;  in  the  fourth  order,  thousands;  in 
the  fifth  order,  tens  of  thousayids  ;  in  the  sixth  order, 
hundreds  of  thousands,  etc. 

Art.  17.  The  successive  orders  of  units  are  divided 
into  groups  of  three  orders  each,  called  Periods,  as 
shown  in  the  following  table  : 
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1st  Period. 

The  name  of  the  fifth  period  is  Trillions;  of  the  sixth,  Quad- 
rillions: of  the  seventh,  Quintillions ;  of  the  eighth,  Sextillions ;  of 
the  ninth,  Seplillions ;  of  the  tenth,  Octillions,  etc. 

Art.  18.  The  several  orders  may  also  be  named, 
from  right  to  left,  units,  tens,  hundreds;  thousands, 
ten-thousands,  hundred-thousands  ;  millions,  ten-millions, 
hundred-millions,  etc. 

This  method  of  naming  the  integral  orders  corresponds  to  the 
method  of  naming  the  decimal  orders,  as  shown  in  Art.  114,  p.  87. 

Art.  19.  The  Value  of  a  figure  is  the  number  which 
it  expresses ;  and  this  depends  on  the  order  in  which 
the  figure  stands. 

The  value  of  each  of  the  successive  figures  which 
express  a  number  is  a  Term.  The  terms  of  325  are 
3  hundreds,  2  tens,  and  5  ones. 
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Art.  20.  Principles. — 1.  Ten  units  of  the  first  order 
equal  one  unit  of  the  second  order;  ten  units  of  the 
second  order  equal  one  unit  of  the  third ;  and,  generally, 
ten  units  of  any  order  equal  one  unit  of  the  next  higher 
order.     Hence, 

2.  The  removal  of  a  figure  one  order  to  the  left  multiplies 
its  value  by  ten,  and  the  removal  of  a  figure  one  order  to 
the  right  divides  its  value  by  ten. 

The  successive  figures  which  express  a  number  are  written  on 
a  scale  of  ten. 

Art.  21.  Rule  for  Notation. — Begin  at  the  left,  and 
write  the  figures  of  each  period  in  their  proper  orders,  filling 
all  vacant  orders  and  periods  with  ciphers. 

Art.  22.  Rule  for  Numeration. — 1.  Begin  at  the  right, 
and  separate  the  number  into  periods  of  three  figures  each. 

2.  Begin  at  the  left,  and  read  each  period  containing  one 
or  more  figures  as  if  it  stood  alone,  adding  its  name. 

Notes. — 1.  The  name  of  the  units'  period  is  usually  omitted. 

2.  In  reading  numbers,  it  is  not  necessary  to  connect  the  terms 
of  a  period  or  the  successive  periods  with  "and."  405,020  may 
be  read  four  hundred  five  thousand  twenty.  The  use  of  "  and "  is 
not,  however,  incorrect.  405,020  may  be  read  four  hundred  and 
five  thousand  and  twenty;  and  this  reading  is  in  accordance  with 
general  usage.     (Art.  116,  note  3.) 


ADDITION. 

ORAL      EXERCISES. 

1.  Add  by  3's  from  1  to  100 ;  thus :  1,  4,  7,  10,  eta 

2.  Add  by  4's  from  3  to  51 ;  from  51  to  99. 

3.  Add  by  5's  from  2  to  52 ;  from  52  to  102. 

4.  Add  by  6's  from  1  to  49;  from  49  to  97. 

5.  Add  by  6's  from  2  to  50;  from  50  to  98. 

6.  Add  by  7's  from  3  to  52 ;  from  52  to  94. 
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7.  Add  by  7's  from  4  to  53;  from  53  to  95. 

8.  Add  by  8's  from  5  to  53;  from  53  to  93. 

9.  Add  by  8"s  from  2  to  50;  from  50  to  98. 
10.  Add  by  9's  from  1  to  55;  from  bb  to  100. 


WRITTEN     EXERCISES. 

1 1.  Add  347,  4086,  7080,  29408,  and  67736. 

1 2.  667  +  3804  -f  45608  +  304867  +  87609  =  what  ? 

1 3.  Add  four  thousand  fifty-six ;  sixty-three  thousand 
seven  hundred;  seven  million  nine  thousand  ninety- 
nine;  and  fifty-six  million  nine  hundred  seventy-eight. 

14.  Add  eight  million  eighty  thousand  eight  hun- 
dred ;  seven  hundred  thousand  and  seventy ;  five  million 
eighty-six  thousand  seven  hundred  and  eight ;  and  sixty 
million  six  hundred  thousand  and  seventy. 

1 5.  A  grain  dealer  bought  wheat  as  follows :  Monday, 
2480  bushels;  Tuesday,  788  bushels;  Wednesday,  1565 
bushels;  Thursday,  2684  bushels;  Friday,  985  bushels; 
Saturday,  3867  bushels.  How  many  bushels  did  he 
buy  during  the  week? 

16.  The  value  of  the  property  of  a  certain  university 
is  as  follows:  endowment  fund,  $340,000;  land,  859,000; 
college  building,  8155.817;  steam,  water,  and  gas  fixt- 
ures, S35,655;  apparatus,  cabinets,  and  other  appliances, 
$22,562;  other  improvements,  839,624.  What  is  the  total 
value  of  the  property? 

1 7.  Ohio  contains  41060  square  miles ;  Indiana,  36350 ; 
Illinois,  56650;  Michigan,  58915;  Wisconsin,  56040;  Min- 
nesota, 83365  ;  Iowa,  56025  ;  and  Missouri,  69415.  What 
is  the  total  area  of  these  eight  states  ? 

18.  The  population  of  these  states,  in  1900,  was  as 
follows  :  Ohio,  4,157,545  ;  Indiana,  2,516,463  ;  Illinois, 
4,821,550  ;  Michigan,  2,419,782  ;  Wisconsin,  2,068,963  ; 
Minnesota,  1,751,395  ;  Iowa,  2,251,829  ;  Missouri, 
3,107,117.     What  was  their  total  population  ? 
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19.  The  territory  of  the  United   States  has  been   ac- 
quired as  follows  • 

SQ.  MILES. 

Territory  ceded  by  England,  1783, 866391 

Louisiana,  acquired  from  France,  1803, 862922 

Florida,  acquired  from  Spain,  1821, 58680 

Texas,  admitted  to  the  Union,  1845, 365573 

Oregon,  settled  by  treaty,  1846, 298804 

California,  etc.,  conquered  from  Mexico,  1847,     ....  515764 

Arizona,  acquired  from  Mexico  by  treaty,  1854,      .     .     .  57466 

Alaska,  acquired  from  Russia  by  purchase,  1867,       .    .    .  577390 

Puerto  Rico,  Hawaii,  the  Philippines,  and  other  islands,  124688 

What  is  the  total  area  of  the  United  States  ? 


ADDITION    OF   TWO   COLUMNS. 

Art.  23.  There  is  a  practical  advantage  in  adding 
two  columns  at  one  operation.  Some  accountants  add 
three  or  more  columns  in  this  manner. 


20.  Add  67,  58,  43,  36,  and  54. 


PROCESS 

67 


Add  thus:  54  +  30  =  84,  +  6  =  90  ;  90  +  40  =  130, 
58  +  3  =  133  ;   133  +  50  =  183,  +  8  =  191 ;  191  +  60  = 

43  251,  +  7  =  258. 

36  Or  thus,   naming  only  results:   54,   84,   90;   130, 

54  133 ;  183,  191 ;  251,  258. 


258 


Note. — The  process  consists  in  first  adding  the  tens  of  each 
couplet,  and  then  the  units.  If  preferred,  the  units  may  first  be 
added,  and  then  the  tens.  Sufficient  practice  will  enable  the 
accountant  to  add  two  columns  without  separating  the  numbers 
into  tens  and  units. 

21.  Add  37,  40,  63,  84,  67,  22,  and  70. 

22.  Add  95,  36,  77,  66,  88,  63,  33,  and  44. 

23.  Add  67,  76,  45,  54,  38,  83,  27,  and  72. 

24.  Add  68,  86,  97,  79,  86,  68,  78,  and  87. 
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25.  Add  45,  60,  57,  86,  83,  76,  49,  58,  and  84. 

26.  Add  56,  75,  83,  96,  69,  37,  73,  38,  and  205. 

27.  Add  27,  72,  33,  38,  69,  96,  75,  57,  and  336. 

28.  Add  235,  88,  77,  66,  55,  44,  33,  22,  and  11. 

29.  Add  405,  56,  43,  47,  74,  38,  63,  75,  and  66. 

30.  Add  46,  67,  72,  38,  99,  87,  65,  74,  and  88. 

31.  Add  73,  86,  47,  56,  69,  65,  58,  33,  52,  and  94. 

32.  A  drover  bought  37  sheep  of  one  farmer,  44  sheep 
of  another,  48  sheep  of  another,  and  27  sheep  of  another  : 
how  many  sheep  did  he  buy? 

33.  The  Senior  class  of  a  college  contains  27  students, 
the  Junior  class  34,  the  Sophomore  class  38,  and  the 
Freshman  class  46 :  how  many  students  in  the  college  ? 

34.  A  lady  paid  $36  for  a  carpet,  $34  for  a  bureau, 
$16  for  a  washstand,  $28  for  a  bedstead,  and  $42  for 
chairs :  how  much  did  she  pay  for  all  ? 

35.  A  man  paid  §85  for  a  horse,  and  $17  for  his 
keeping ;  and  then  sold  him  so  as  to  gain  $15 :  for  how 
much  did  he  sell  the  horse? 


DEFINITIONS,  PRINCIPLES,  AND  RULE. 

Art.  24.  The  Sum  of  two  or  more  numbers  contains 
as  many  units  as  all  the  numbers  taken  together.  It 
is  also  called  the  Amount. 

Art.  25.  Addition  is  the  process  of  finding  the  sum 
of  two  or  more  numbers. 

Art.  26.  An  Arithmetical  Sign  is  a  character  which 
denotes  an  operation  with  numbers,  or  a  relation  be- 
tween them. 

The  Sign  of  Addition  is  a  vertical  cross  [+].  It  is 
read  plus,  which  means  more. 

The  Sign  of  Equality  is  two  short  horizontal  parallel 
lines  [=],  and  is  read  equals  or  is  equal  to.  Thus, 
7  +  8  =  15  is  read  7  plus  8  equals  15, 
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Art.  27.  Like  Numbers  are  composed  of  units  of 
the  same  kind  or  order.  Thus,  4  steps  and  8  steps  are 
like  numbers;  also  4  dimes  and  8  dimes;  4  tens  and  8 
tens;  4  and  8. 

Art.  28.     Principles. — 1.  Only  like  numbers  can  be  added. 
2.   The  sum  is  of  the  same  kind  or  order  as  the  numbers 
added. 

ART.    29.  drill  exercises. 

To  be  dictated  and  the  final  result  given  by  the  pupils. 

1.  Add  5,  7,  6,  4,  3,  8,  2,  6,  9,  4,  3,  6,  7,  8,  9. 

2.  Add  4,  5,  6,  7,  6,  5,  6,  7,  8,  6,  7,  8,  3,  6,  7.- 

3.  Add  6,  5,  7,  8,  6,  8,  7,  6,  8,  6,  7,  9,  3,  6,  7,  8. 

4.  Add  5,  7,  8,  6,  9,  7,  8,  7,  6,  7,  5,  8,  9,  5,  6,  9. 

5.  Add  8,  7,  9,  8,  6,  7,  8,  3,  9,  6,  7,  8,  5,  9,  6,  7. 

6.  Add  17,  5,  6,  8,  3,  4,  8,  6,  7,  5,  4,  9,  8,  3,  7. 

7.  Add  25,  9,  6,  3,  7,  5,  6,  4,  8,  9,  3,  6,  7,  8,  9. 

8.  Add  18,  8,  5,  6,  7,  3,  4,  2,  7,  9,  8,  7,  6,  7,  8. 

9.  Add  4,  7,  7,  7,  7,  7,  8,  8,  8,  8,  8,  6,  6,  6,  6. 


SUBTRACTION. 

ORAL      PROBLEMS. 

1.  Count  by  4's  from  61  back  to  1 ;  thus :  57,  53,  etc. 

2.  Count  by  6's  from  53  back  to  5 ;  from  74  back  to  2. 

3.  Count  by  7's  from  66  back  to  3 ;  from  85  back  to  1. 

4.  Count  by  8's  from  75  back  to  3 ;  from  94  back  to  6. 

5.  Count  by  9's  from  73  back  to  1 ;  from  96  back  to  6. 

6.  Count  by  9's  from  94  back  to  58;  from  58  back 
to  4. 

7.  A  man  sold  a  horse  for  $95,  which  was  $28  more 
than  the  horse  cost  him:  what  was  the  "cost  of  the 
horse? 
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8.  Two  men  start  at  once  from  the  same  point,  and 
travel  in  the  same  direction,  one  traveling  52  miles  a 
day,  and  the  other  39  miles :  how  far  will  they  be  apart 
at  the  close  of  the  first  day? 

9.  A  man  earns  §8o  a  month,  and  pays  $18  for 
house  rent,  and  835  for  other  expenses :  how  much  does 
he  save  each  month? 

10.  A  gentleman  being  asked  his  age  said,  that  if  he 
should  live  27  years  longer,  he  should  then  be  three 
6Core  and  ten :  what  was  his  age  ? 

11.  From  a  piece  of  carpeting  containing  68  yards,  a 
merchant  sold  27  yards  to  one  man  and  18  yards  to. 
another:  how  many  yards  of  the  piece  were  left? 

12.  A  man  bought  a  carriage  for  $135,  paid  $21  for 
repairing  it,  and  then  sold  it  for  8170;  how  much  did 
he   gain? 

13.  A  boy  earned  65  cents,  and  his  father  gave  him 
33  cents;  he  paid  45  cents  for  an  arithmetic,  15  cents 
for  a  slate,  and  12  cents  for  pencils:  how  much  money 
had  he  left? 

WRITTEN     PROBLEMS. 

14.  A  builder  contracted  to  build  a  school-house  for 
$25460,  and  the  job  cost  him  $21385:  what  were  his 
profits  ? 

15.  The  earth's  mean  distance  from  the  sun  (old 
value)  is  95274000  miles,  and  that  of  Mars  is  145168136 : 
how  much  farther  is  Mars  from  the  sun  than  the 
earth  ? 

16.  The  population  of  Illinois  in  1880  was  3077871, 
and  in  1900  its  population  was  4821550 :  what  was  the 
increase  in  twenty  years  ? 

17.  The  population  of  Massachusetts  in  1880  was 
1783085,  and  in  1900  it  was  2805346  :  what  was  the  in- 
crease in  twenty  years  ? 

h.  c.  ±,—i. 
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18.  The  area  of  the  Chinese  Empire  is  4278591  square 
miles,  and  the  area  of  the  main  body  of  the  United 
States  is  3090777  square  miles :  how  much  greater  is 
the  Chinese  Empire  than  the  United  States  ? 

19.  The  area  of  Europe  is  3873653  square  miles  :  how 
much  greater  is  Europe  than  the  United  States  ?  The 
Chinese  Empire  than  Europe  ? 

20.  In  1880,  Ohio  produced  112681046  bushels  of  corn, 
and  Illinois  327796895  bushels:  how  many  bushels  did 
Illinois  produce  more  than  Ohio? 

21.  A  man  bought  a  farm  for  $5867,  and  built  upon 
•it  a  house  at  a  cost  of  SI 850,  and  then  sold  the  farm 
for  $7250:  how  much  did  he  lose? 

22.  An  estate  of  $13450  was  divided  between  a  widow 
and  two  children;  the  widow's  share  was  $6340;  the 
son's,  $1560  less  than  the  widow's;  and  the  rest  fell  to 
the  daughter:  what  was  the  daughter's  share? 

23.  A  man  deposited  in  a  bank  at  one  time  $850,  at 
another,  $367,  and  at  another,  $670;  he  then  drew  out 
$480,  and  8375  :  how  much  money  had  he  still  in  bank? 

24.  A  man  bought  a  farm  for  $6450,  giving  in  ex- 
change a  house  worth  $4500,  a  note  for  $1150,  and  pay- 
ing the  difference  in  money :  how  much  money  did  he 
pay? 

25.  A  grain  dealer  bought  15640  bushels  of  wheat, 
and  sold  at  one  time  3465  bushels,  at  another,  4205, 
and  at  another,  1080:  how  many  bushels  remained? 

26.  From  the  sum  of  45003  and  13478,  take  their 
difference. 


DEFINITIONS,  PRINCIPLES,  AND  BULB. 

Art.  30.  Subtraction  is  the  process  of  taking  a  less 
number  from  a  greater. 

The  Minuend  is  the  number  from  which  the  less 
number  is  taken. 


SUBTRACTION.  19 

The  Subtrahend  is  the  number  taken  from  the  min- 
uend. 

The  Difference  is  the  number  obtained  by  subtract- 
ing. 

The  difference  is  the  number  of  units  in  the  minuend  more 
than  in  the  subtrahend.  When  the  subtrahend  is  a  part  of  the 
minuend,  as  in  division,  the  difference  is  called  the  Remainder. 

Art.  31.  The  Sign  of  Subtraction  is  a  short  hori- 
zontal line  [ — ],  and  is  read  minus  or  less.  Thus,  12  —  5 
is  read  12  minus  5  or  12  less  5. 

Art.  32.  Principles. — 1.  A  number  can  be  subtracted  only 
from  a  like  number. 

2.  The  minuend  is  the  sum  of  the  subtrahend  and  dif- 
ference. 

3.  If  the  minuend  and  subtrahend  be  equally  increased, 
the  difference  will  not  be  changed. 

The  adding  of  10  to  a  term  of  the  minuend  and  1  to  the  next 
higher  term  of  the  subtrahend,  increases  the  minuend  and  subtra- 
hend equally,  and  hence  does  not  affect  the  difference. 


Art.  33. 


DRILL    EXERCISES. 


1.  81-6—4-7-8-9-7-6-4-o-8-7=—? 

2.  75-7-7-6-6-8-9-7-6-5-7-6  =  —  ? 

3.  84-7-9-8-6-5-7-8-6-3-9-7  =  —  ? 

4.  93_9_8-7-9-8-6-7-5-7-8-9  =  —  ? 

5.  95-8-8-8-8-7-7-7-7-9-9-9=—? 

6.  96-7-8-8-8-9-9-6-6-7-6-9=—? 

7.  103-6-9-8-9-7-6-9-8-9-7-8  =  —? 

8.  100-7-9-8-6-7  +  94-7  +  6-9-9-8=—? 

9.  87  +  8-9-7  +  6  +  9-8-7-6  +  8-7-9  =  —  ? 

10.  76-9-8  +  7  +  8-7  +  9-6-8-9-7  =  —? 

11.  68  +  9  +  7-8-8-9  +  7  +  6-5  +  8-7-8=—? 

12.  71-7-9  +  6-8  +  7-9-8-6+7  +  6-9  =  —  ? 

13.  Subtract  by  8's  from  94  to  6  ;  from  97  to  1. 

14.  Subtract  by  9's  from  84  to  3  ;  from  87  to  6. 
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MULTIPLICATION. 

ORAL    PROBLEMS. 

1.  There  are  24  hours  in  a  day :  how  many  hours 
in  7  days?     In  9  days?     11  days?    20  days? 

2.  There  are  60  minutes  in  an  hour:  how  many 
minutes  in  8  hours?  In  12  hours?  10  hours?  7 
hours?     15  hours?     20  hours? 

3.  If  a  man  earn  $63  a  month,  and  spend  $48,  how 
much  will  he  save  in  1  month?  In  5  months?  6 
months?     8  months?     12  months? 

4.  If  12  men  can  do  a  piece  of  work  in  15  days, 
how  long  will  it  take  one  man  to  do  it? 

5.  If  35  bushels  of  oats  will  feed  8  horses  25  days, 
how  long  will  they  feed  one  horse? 

6.  Two  men  start  from  the  same  place  and  travel  in 
opposite  directions,  one  at  the  rate  of  28  miles  a  day, 
and  the  other  at  the  rate  of  32  miles  a  day :  how  far 
will  they  be  apart  at  the  end  of  1  day?  At  the  end 
of  5  days  ?     At  the  end  of  10  days  ? 

7.  A  drover  bought  15  sheep  at  $4  a  head,  and  sold 
them  at  §6  a  head :  how  much  did  he  gain  ? 

8.  A  merchant  bought  12  suits  of  boys'  clothes  at 
$15  a  suit,  and  sold  them  at  $18  a  suit :  how  much  did 
he  gain? 

9.  A  cask  has  two  pipes,  one  discharging  into  it  90 
gallons  of  water  an  hour,  and  the  other  drawing  from 
it  75  gallons  an  hour:  how  many  gallons  of  water  will 
there  be  in  the  cask  at  the  end  of  12  hours? 

10.  A  farmer  sold  to  a  grocer  15  pounds  of  butter  at 
30  cents  a  pound,  and  bought  8  pounds  of  sugar  at  15 
cents  a  pound,  and  9  pounds  of  coffee  at  20  cents  a 
pound :  how  much  was  still  due  him  ? 
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WRITTEN     PROBLEMS. 

11.  Multiply  624  by  45 ;  by  405 ;  by  4005. 

12.  Multiply  38400  by  27 ;  by  607 ;  by  6007. 

13.  Multiply  7863  by  69;  by  "6900;  by  64000. 

14.  Multiply  48000  by  760;"  by  7600000. 

15.  There  are  5280  feet  in  a  mile :  how  many  feet  in 
608  miles?     In  3300  miles? 

16.  The  earth  moves  1092  miles  in  a  minute :  how 
far  does  it  move  in  1440  minutes,  or  one  day  ? 

17.  A  square  mile  contains  640  acres,  and  the  state 
of  Ohio  contains  41060  square  miles :  how  many  acres 
in  the  state? 

18.  If  a  garrison  of  380  soldiers  consume  56  barrels 
of  flour  in  75  days,  how  many  soldiers  will  the  same 
amount  of  flour  supply  one  day? 

19.  A  man  bought  a  farm,  containing  472  acres,  at 
$24  an  acre,  and,  after  investing  $3450  in  buildings,  he 
sold  the  farm  at  $33  an  acre :  did  he  gain  or  lose,  and 
how  much? 

20.  Two  men  start  from  the  same  point,  and  travel 
in  opposite  directions,  the  one  at  the  rate  of  54  miles 
a  day,  and  the  other  at  the  rate  of  48  miles  a  day : 
how  far  will  they  be  apart  at  the  end  of  14  days? 

21.  Two  men  are  450  miles  apart :  if  they  approach 
each  other,  one  traveling  30  miles  a  day,  and  the  other 
35  miles  a  day,  how  far  apart  will  they  be  at  the  end 
of  6  days  ? 

22.  Multiply  648  by  10;  by  100;  by  1000. 

Suggestion. — Since  each  removal  of  a  figure  one  order  to  the 
left  multiplies  its  value  by  10  (Art.  20,  Prin.  2),  the  annexing 
of  one  cipher  to  648  multiplies  it  by  10,  the  annexing  of  two 
ciphers  multiplies  it  by  100,  and  three  ciphers  by  1000. 

23.  Multiply  456  by  10;  by  1000;  by  10000. 

24.  Multiply  3050  by  100;  by  1000;  by  100000. 
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DEFINITIONS,  PRINCIPLES,  AND  RULES. 

Art.  34.  Multiplication  is  a  process  of  taking  one 
number  as  many  times  as  there  are  units  in  another. 

The  Multiplicand  is  the  number  taken  or  multiplied. 

The  Multiplier  is  the  number  denoting  how  many- 
times  the  multiplicand  is  taken. 

The  Product  is  the  number  obtained  by  multiplying. 

The  multiplicand  and  multiplier  are  Factors  of  the  product. 

Note. — The  product  may  be  obtained  by  adding  the  multipli- 
cand to  itself  as  many  times  less  one  as  there  are  units  in  the 
multiplier,  and  hence  Multiplication  is  a  short  method  of  finding  the 
sum  of  several  equal  numbers.  The  Multiplicand  is  one  of  the  equal 
numbers ;  the  Multiplier,  the  number  of  equal  numbers ;  and  the 
Product,  the  sum  of  the  equal  numbers. 

Art.  35.  The  Sign  of  Multiplication  is  an  oblique 
cross  [X],  and  is  read  multiplied  by  or  times.  Thus, 
8  X  6  is  read  8  multiplied  by  6  or  8  times  6. 

When  the  sign  [X]  is  placed  between  two  numbers,  it  shows 
that  they  are  to  be  multiplied  together ;  and,  sin^s  the  order  of 
the  factors  does  not  affect  the  product,  either  number  may  be 
made  the  multiplier.  The  multiplier  is  usually  written  after  the 
sign,  which  is  then  read  multiplied  by;  when  the  multiplier  is 
written  before  the  sign  it  is  read  times. 

Art.  36.  Principles. — 1.  The  multiplier  must  always 
be  regarded  as  an  abstract  number. 

2.  The  multiplicand  and  product  are  like  numbers,  and 
may  be  either  concrete  or  abstract. 

Note. — When  one  of  the  factors  is  concrete,  the  concrete  num- 
ber is  the  true  multiplicand,  but  when  it  is  the  smaller  number, 
it  may  be  used  abstractly  as  the  multiplier. 

3.  The  product  is  not  affected  by  changing  the  order  of 
the  factors.     Thus,  4x3  =  3x4. 

4.  The  product  divided  by  either  of  its  two  factors  will 
give  the  other  factor. 
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Art.  37.  An  integer  is  multiplied  by  10,  100,  1000, 
etc.,  by  annexing  to  the  integer  as  many  ciphers  as  there 
are  ciphers  in  the  multiplier. 


Art.  38. 


DRILL    EXERCISES. 


Give  the  product  of — ■ 

1.  7x6;  9x6;   8x6;  5x6;  12x 

2.  7x8;  5x8;  9x8;  6x8;  8x8 

3.  4x7;   6x7;   9x7;   8x7;   12  x 

4.  6x9;   9x9;  8x9;   5x9;   12 x 

5.  9x7;   8x9;  6x7;  7x9;  9x1 

6.  8x7;   9x6;   7x9;  9x8;  7x1 

7.  6x8;  9x8;  9x7;  9x6;  5x12 

8.  7x6;  8x7;  5x9;   12x6;  8x 

9.  15x6;  15x7;  16x5;  6x15; 

10.  4x20;  4x24;  5x16;  4x16; 

11.  11x12;   9x12;  12x7;   12x10 

12.  4x15;  5x16;   8x18;   10x16; 

13.  12x12;  15x15;  16x16;  18x18 


6;  6x6; 

11x6. 

;   11x8; 

12x8. 

7;  7x7; 

11x7. 

9;   7x9: 

11x9. 

2;   7x12 

;  7x7. 

2;  11x9 

;  12x6 

;  9x12; 

11x12 

12;  12 x 

10. 

6x16;  5 

x24. 

12x12; 

10x12. 

;  14x5; 

20x5. 

8x15; 

12x15. 

;  20x20; 

25  x  25, 

Multiplication   Table. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

2 

4 

6 

8 

10 

12 

14 

16 

18 

20 

22 

24 
36 

3 

6 

9 

12 

15 

18 

21 

24 

27 

30 

33 

4 

8 

12 

16 

20 

24 

28 

32 

36 

40 

44 

48 

5 

10 

15 

20 

25 

30 

35 

40 

45 

50 

55 

60 

6 

12 

18 

24 

30 

36 

42 

48 

54 

60 

66 

72 

7 

14 

21 

28 

35 

42 

49 

56 

63 

70 

77 

84 

8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

9 

IS 

27 

36 

45 

54 

63 

72 

81 

90 

99 

108 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

110 

120 

11 

22 

33 

44 

53 

66 

77 

88 

99 

110 

121 

132 
144 

12 

24 

36 

48 

60 

72 

84 

96 

108 

120 

132 
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ABBREVIATED  PROCESSES. 

THE  MULTIPLIER  AN  ALIQUOT  PART  OF  lO,  100,  Etc. 

Art.  39.  An  Aliquot  Part  of  a  number  is  any  integer 
or  mixed  number  which  will  exactly  divide  it. 

Note.— If  the  class  be  not  sufficiently  familiar  with  the  subject 
of  fractions,  this  case  may  be  omitted  "until  the  review. 

The  following  are  the  aliquot  parts  of  10,  100,  and  1000  re* 
spectively,  most  frequently  occurring  in  practice : 

2h  =  I  of  10  12 \  =  I  of  100  125   =  I  of  1000 

3£  =  i  of  10  16f  =  £  of  100  166f  =  £  of  1000 

5   =  £  of  10  25   =  i  of  100  200   =  \  of  1000 

33^  ==  i  of  100  250   =  \  of  1000 

50   =  I  of  100  333£=  £  of  1000 

ORAL  AND  WRITTEN  PROBLEMS. 

1.  There  are  24  sheets  of  paper  in  a  quire :  how  many 
sheets  in  2^  quires?     In  3  J  quires?    In  5  quires? 

2.  There  are  60  minutes  in  an  hour:  how  many  min- 
utes  in    3J   hours?     In    12J   hours?      16§   hours? 

3.  If  a  workman  earn  $40  a  month,  how  much  will 
he  earn  in  2 \  months?     In  3J  months?     12 J  months? 

4.  At  36  cents  a  yard,  what  will  25  yards  of  cloth 
cost?    50  yards?     33J  yards? 

5.  At  24  cents  a  dozen,  what  will  12|  dozens  of 
eggs  cost?     16§  dozens?    33J  dozens?    25  dozens? 

6.  Multiply  486  by  3J;  by  33J;  by  333J. 

7.  Multiply  5280  by  12£;  by  125;  by  166§. 

8.  Multiply  1688  by  16f ;  by  166§ ;  by  250. 

9.  Multiply  40648  by  16|;  by  33J;  by  333J. 

Art.  40.  Principle. — The  product  of  two  numbers  may 
be  found  by  multiplying  one  of  the  numbers  by  the  product  of  the 
other  number  and  a  given  number,  and  then  dividing  theresulting 
product  by  the  given  number.     96  X  331=96  X  (33^X  3)-s-3. 
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Art.  41.  To  multiply  by  an  aliquot  part  of  10,  100, 
1000,  etc.: 

Rule. — Multiply  by  10,  100,  1000,  etc.,  and  divide  the 
product  by  the  number  of  times  the  multiplier  is  contained 
in  10,  100,  1000,  etc. 

THE  MULTIPLIER  A  LITTLE  LESS  THAN  10,  100,  Etc. 

10.  Multiply  467  by  98. 

PROCESS. 

Since  98  =  100  —  2,  the  product  of  467  by 
46700  98  =  467  X  100  —  467  X  2,   or   46700  —  934. 

934  In  multiplying  by  100,  the  multiplicand  is 

45766    Prod.  taken  two  times  more  than  it  should  be. 

11.  Multiply  5672  by  99;  by  999;  by  98;  by  998. 

12.  Multiply  40863  by  97;  by  997;  by  99;  by  999. 

13.  Multiply  8679  by  998;  by  9998;  by  99;  by  997. 

14.  Multiply  618734  by  95;  by  995;  by  98;  by  998. 

Art.  42.  To  multiply  by  a  number  a  little  less  than 
10,  100,  1000,  etc.: 

Rule. — Multiply  by  10,  100,  1000,  etc.,  and  subtract  from 
the  product  the  multiplicand,  multiplied  by  the  difference  be- 
tween the  multiplier  and  10,  100,  1000,  etc.,  as  the  case 
may  be. 

THE  MULTIPLIER  14,  15,  Etc.,  OR  31,  51,  Etc. 

15.  Multiply  7856  by  14;  by  41. 

FIRST  PROCESS.  SECOND  PROCESS. 

7856  X  14  7856  X  41 

31424  31424 

109984,  Product.  322096,  Product. 

Note. — An  inspection  of  each  process  will  suggest  its  explana- 
tion. The  second  partial  product  need  not  be  written,  as  the 
successive  terms  can  be  added  mentally  to  the  proper  terms  c* 
the  first  partial  product. 
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16.  Multiply  38407  by  13;  by  15;  by  17. 

17.  Multiply  4960  by  16;  by  18;  by  19. 

18.  Multiply  360978  by  31;  by  51;  by  71. 

19.  Multiply  48706  by  61;  by  81;  by  91. 

20.  Multiply  34087  by  17 ;  by  71 ;  by  18. 

Art.  43.     1.  To  multiply  by  13,  14,  15,  etc.  : 

Rule. — Multiply  by  the  units'  term,  and  add  the  successive 
products,  after  the  first  {which  is  units),  to  the  successive  terms 
of  the  multiplicand. 

2.  To  multiply  by  31,  41,  51,  etc. : 

Rule. — Multiply  by  the  tens'  term,  and  add  the  successive 
products  to  the  successive  terms  of  the  multiplicand^  beginning 
with  tens. 


DIVISION. 

ORAL     PROBLEMS. 

1.  There  are  7  days  in  a  week:  how  many  weeks  in 
63  days?     98  days?     126  days? 

2.  There  are  eight  quarts  in  a  peck:  how  many 
pecks  in  72  quarts?     120  quarts?     144  quarts? 

3.  There  are  60  minutes  in  an  hour:  how  many 
hours  in  480  minutes?     720   minutes?     1440  minutes? 

4.  A  man  paid  $3600  for  a  farm,  paying  at  the  rate 
of  $40  an  acre :  how  many  acres  in  the  farm  ? 

5.  A  grocer  bought  12  barrels  of  flour  for  890,  and 
sold  them  so  as  to  gain  $18 :  how  much  did  he  receive 
per  barrel? 

6.  Two  men  are  120  miles  a  part,  and  are  traveling 
toward  each  other,  one  at  the  rate  of  7  miles  an  hour, 
and  the  other  at  the  rate  of  8  miles  an  hour:  in  how 
many  hours  will  they  meet? 
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7.  If  a  man  can  build  a  wall  in  84  days,  how  long 
will  it  take  7  men  to  build  it? 

8.  The  large  wheel  of  a  boy's  velocipede  is  8  feet  in 
circumference :  how  many  times  will  the  wheel  rotate 
in  running  560  feet? 

9.  How  many  acres  will  produce  750  bushels  of 
wheat  with  an  average  yield  of  25  bushels  to  the  acre? 

10.  A  man  earns  816  while  a  boy  earns  $9:  how 
much  will  the  man  earn  while  the  boy  earns  $72? 

WRITTEN      PROBLEMS. 

1 1.  Divide  486  by  6 ;  by  8 ;  by  9. 

12.  Divide  8408  by  12;  by  24;  by  36. 

13.  Divide  255136  by  238;  by  476. 

14.  Divide  197776  by  94;  bv  376. 

15.  Divide  600790  by  365;  by  1646. 

16.  Divide  368600  by  485;  by  760. 

17.  Divide  84600  by  900;  by  12000;  by  4500. 

1 8.  Divide  412304  by  3600 ;  by  303000 ;  by  7500. 

19.  The  dividend  is  1059984,  and  the  divisor  is  306: 
what  is  the  quotient? 

20.  The  dividend  is  2185750,  and  the  quotient  is  250: 
what  is  the  divisor? 

21.  The  product  is  1123482,  and  the  multiplier  is  246: 
what  is  the  multiplicand? 

22.  How  many  passenger  cars,  costing  82450  each,  can 
be  bought  for  SI 00450? 

23.  Divide  4560  by  10;  by  100. 

Suggestion. — Since  the  removal  of  a  figure  one  order  to  the 
right  divides  its  value  by  10  (Art.  21),  the  cutting  off"  of  one 
figure  from  the  right  of  4560  divides  it  by  10,  and  the  cutting 
off  of  two  figures  divides  it  by  100.  The  figures  cut  off  are  the 
remainder. 

24.  Divide  356000  by  10;  by  100;  by  1000. 

25.  Divide  46035  by  100:  by  1000;  by  10000, 
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26.  Divide  384602  by  100;  by  1000;  by  10000. 

27.  Divide  95000000  by  10000 ;  by  1000000. 

28.  Divide  58864  by  4500. 

PROCESS.  _.  ..    .  .      ,       ,       ,.    .  ,        ,  ,     _.    . 

First  divide  both  dividend  and  divisor 

45 1 00)588 1 64(13  by  100>  which,  in  the  case  of  the  divi- 

45  dend,   leaves  a  remainder  of  64.     Next 

133  divide  588  by  45,  leaving  a  remainder  of 

-i  or  3,  which  is  3  hundreds  since  the  dividend 

(588)  is  hundreds.     The   first  remainder 

_£ is  64  units,  which,  annexed  to  the  3  hun- 

Remainder,  364  dreds,  give  364,  the  true  remainder. 

29.  Divide  63200  by  7900;  by  7000. 

30.  Divide  116000  by  2500;  by  4800. 

31.  Divide  172800  by  14400;  by  18000. 

32.  Divide  129600  by  4800;  by  64000. 

33.  There  are  160  square  rods  in  an  acre:  how  many 
acres  in  384000  square  rods? 

.   34.  There  are  320  rods  in  a  mile:   how  many  miles 
in  51200  rods? 

35.  There  are  3600  seconds  in   an   hour :    how  many 
hours  in  738000  seconds?     In  2952000  seconds? 


DEFINITIONS,  PRINCIPLES,  AND  RULES. 

Art.  44.  Division  is  the  process  of  finding  how 
many  times  one  number  is  contained  in  another;  or, 
it  is  the  process  of  finding  one  of  the  equal  parts  of  a 
number. 

The  Dividend  is  the  number  divided. 

The  Divisor  is  the  number  by  which  the  dividend  is 
divided. 

The  Quotient  is  the  number  of  times  the  divisor  is 
contained  in  the  dividend;  or,  it  is  one  of  the  equal 
parts  of  the  dividend. 
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The  Remainder  is  the  part  of  the  dividend  which  is 
left  undivided. 

One  number  is  contained  in  another  as  many  times  as  it  must 
be  taken  to  produce  it,  and  hence  Division  is  the  inverse  of  multi- 
plication. 

One  number  is  contained  in  another  as  many  times  as  it  can 
be  taken  from  it,  and  hence  Division  is  a  brief  method  of  finding 
how  many  times  one  number  can  be  subtracted  from  another. 

Art.  45.  The  Sign  of  Division  is  a  short  horizontal 
line  between  two  dots  [-*-].  It  is  read  divided  by.  Thus, 
16  -=-  4  is  read  16  divided  by  4. 

Division  is  also  expressed  by  writing  the  dividend  above  and 
the  divisor  below  a  short  horizontal  line.  Thus,  V"  *s  rea(l  18 
divided  by  3. 

Art.  46.  There  are  two  methods  of  division,  called 
Short  Division  and  Long  Division. 

In  Short  Division  the  partial  products  and  partial 
dividends  are  not  written,  but  are  formed  mentally. 

In  Long  Division  the  partial  products  and  partial 
dividends  are  written. 

Art.  47.  Principles. — 1.  The  divisor  and  quotient  are 
factors  of  the  dividend,  which  is  their  'product. 

2.  When  division  finds  how  many  times  one  number 
is  contained  in  another,  the  divisor  and  dividend  are  like 
numbers,  and  the  quotient  is  an  abstract  number.  Thus, 
48  ft.  -*-  8  ft.  =  6. 

3.  When  division  finds  one  of  the  equal  parts  of  a 
number,  the  divisor  is  an  abstract  number,  and  the  divi- 
dend and  quotient  are  like  numbers.  Thus,  48  ft.  -f-  6, 
or  i  of  48  ft.,  =  8  ft. 


6 


Note.— In  this  case,  the  quotient  corresponds  to  the  multipli- 
cand ;  and  the  divisor,  to  the  multiplier. 

4.   The  multiplying  of  both   divisor  and   dividend   by  the 
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same  number  does  not  change  the  quotient.     Thus,  12  +  4  = 
12  X  3  +  4  X  3. 

5.  The  dividing  of  both  dividend  and  divisor  by  the  same 
number  does  not  change  the  quotient.  Thus,  18  -i-  9  =  ^- 
-f  =  6-3. 

Art.  48.  An  integer  is  divided  by  10,  100,  1000, 
etc.,  by  cutting  off  as  many  figures  from  the  right  of  the 
integer  as  there  are  ciphers  in  the  divisor.  The  figures 
cut  off  express  the  remainder. 

ART.    49.  drill  exercises. 

Give  the  quotient  of  — 

1.  63-5-7;  64-8;  72-9;  96  +  8;  63  +  9;  96  +  8. 

2.  84  +  7;  72-6;   72-8;  56  +  7;  63-7;  96  +  12. 

3.  72  +  12;   96  +  12;   63  +  9;   84  +  12;  108  +  9. 

4.  70  +  35;  96  +  48;  96  +  24;  72  +  24;  84  +  12. 

5.  36  +  12;   36  +  18;  65  +  13;   70  +  14;  80  +  16. 

6.  144  +  12;   121  +  11;    132  +  12;    109  +  12;   72  +  36. 

7.  8x9,  +12;    x7,  +7,  +7,  +9,  +8,  -12  =  —? 

8.  56  +  7,  x9,  -5,  -4,  +7,  x 9,  +3, +12,  x6  =  —  ? 

9.  6x7,  +6,  +9,  -3,  +9,  x  8,  +9,  +7,  +8  =  —? 

10.  11x7,  +4,  +9,  x7,  -5,  +6,  +8,  x3  +  6  =  —  ? 

11.  7x8,  +7,  x5,  +8,  -3,  +9,  xl2,  +4,  +8  =  —? 

12.  8x9,  +8,  +8,  x7,  +10,  x  9,  +9,  +12,  +6=  —  ? 

13.  8x7,  +8,  +8,  x5,  +7,  +2,  +7,  x8,  +8  =  —  ? 

14.  100  +  25,  x9,  +6, +6,  x9, +7, +9, +5, +7  =  — ? 

15.  144  +  12,  x6,  +8,  +10,  x  9,  +6,  +3,  +9  =  —? 

16.  108  +  9,  x7,  +12,  x9,  +9,  +8,  +3,  x8  =  — ? 

17.  11x11,  +9,  +13,  +5,  x6,  +6,  +12,  x7  =  — ? 

18.  7x9,  +9,  +9,   xl2,  +24,  x  9,  +12,  x7  =  — ? 

19.  9x8,  +12,  +7,  x5,  +15,  +8,  x  9,  +12  =  —  ? 

Note.  —  The  comma  (,)  is  used  in  the  foregoing  exercises  to 
indicate  that  the  operations  expressed  by  the  signs  +  ,  — ,  x,  and 
-f-,  are  to  be  performed  in  the  order  in  which  they  occur  from  left  to 
right.     See  White's  Oral  Lessons  in  Number,  p.  154. 
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ABBREVIATED  PROCESSES. 

THE  DIVISOR  AN  ALIQUOT  PART  OF  lO,  100,  EtO. 
ORAL   AND  WRITTEN    PROBLEMS. 

1.  At  3J  cents  apiece,  how  many  lemons  can  be 
bought  for  90  cents?     For  240  cents? 

Suggestion. — Since  10  is  3  times  3£,  multiply  the  dividend  by 
3,  and  divide  the  product  by  10  by  omitting  the  right-hand 
figure  (Prin.  3). 

2.  At  12J  cents  a  yard,  how  many  yards  of  cloth 
can  be  bought  for  75  cents  ?    For  225  cents  ?    250  cents  ? 

3.  At  16f  bushels  per  acre,  how  many  acres  will  pro- 
duce 150  bushels  of  wheat  ?    450  bushels  ?     700  bushels  ? 

4.  At  $33  J-  a  head,  how  many  cows  can  be  bought 
for  $200?     For  $1200?    $500?    $1500? 

5.  Divide  4375  by  125.        6.  Divide  13600  by  333J. 


PROCESS. 

4375 

8^ 

35|000 

35,  Quotient 


PROCESS. 

13600 

3_ 

40 | 800 

40,  Quotient. 

800  -T-  3  =  266f ,  Remainder. 


7.  Divide  6250  by  33J;  by  50;  by  125. 

8.  Divide  4365  by  250;  by  166f ;  by  333J. 

9.  Divide  15300  by  16f ;  by  333J;  by  250. 

Art.  50.  Principle. —  The  multiplying  of  both  divisor 
and  dividend  by  the  same  number  does  not  change  the  quo- 
tient 
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Art.  51.  To  divide  by  a  convenient  part  of  10,  100, 
1000,  etc.: 

Rule. — Multiply  the  dividend  by  the  number  denoting  how 
many  times  the  divisor  is  contained  in  10,  100,  1000,  etc., 
and  divide  the  product  by  10,  100,  1000,  etc. 

THE    DIVISOR  A  COMPOSITE    NUMBER. 

10.  Divide  18315  by  45. 

PROCESS.  ILLUSTRATIVE     PROCESS. 

45  =  5  X  9        5)18315 --45  =  3663 --9 


5)18315         9)3663--  9=  407-^1 


9)3663  407  -*-  1  =  407 

407,  Quotient. 

Since  45  =  5  X  9,  the  quotient  obtained  by  dividing  18315  by 
5,  is  9  times  too  large,  and  hence  this  quotient  (3663)  divided  by 
9,  is  the  true  quotient. 

Note. — The  process  of  dividing  by  the  factors  of  the  divisor 
successively  is  the  same  in  principle  as  the  division  of  both  divi- 
dend and  divisor  by  these  factors  successively,  which  (Prin.  5) 
does  not  change  the  quotient.    See  "Illustrative  Process"  above. 

11.  Divide  58636  by  28;  by  56;  by  77. 

12.  Divide  13328  by  49;  by  56;  by  70. 

13.  Divide  3687  by  63. 

PROCESS. 

7)3687  63  =  7  X  9 

9)526     ...     5,  Rem.  (1)  =    .     ..    .    5 

58    ...     4,  Rem.  (2)  =  4  X  7  =  28_ 
True  remainder  =  33 

A  unit  of  the  first  quotient  (526)  equals  7  units  of  the  divi- 
dend, and  hence  the  second  remainder  (4)  equals  4  times  7  units 
of  the  dividend,  or  28  units,  which,  added  to  5  units  (the  first 
remainder),  gives  33  as  the  true  remainder.  Hence,  the  true  re- 
mainder is  found  by  multiplying  the  second  remainder  by  the  first 
divisor  and  adding  to  the  product  the  first  remainder,  if  any. 
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14.  Divide  31365  by  54;  by  81. 

15.  Divide  34567  by  63;  by  72. 

16.  Divide  120473  by  56;  by  81. 

17.  Divide  400671  by  64;  by  77. 

18.  Divide  346000  by  55;  by  96. 

19.  Divide  47633  by  90;  by  110. 

Art.  52.  Principle.  —  The  division  of  both  divisor  and 
dividend  by  the  same  number  does  not  change  the  quotient. 

Art.  53.     To  divide  by  a  composite  number: 

Rule. — 1.  Resolve  the  divisor  into  convenient  factors;  divide 
the  dividend  by  one  of  these  factors,  the  quotient  thus  obtained 
by  another,  and  so  on  until  all  the  factors  are  used  as  divisors. 
The  last  quotient  will  be  the  true  quotient. 

2.  Multiply  each  remainder  by  all  the  divisors  which  pre* 
cede  its  own.  The  sum  of  these  products,  and  the  remain- 
der (if  there  be  one)  resulting  from  the  first  division,  will 
be  the  true  remainder. 

THE  CANCELLATION  OF  FACTORS. 

Art.  54.  When  the  dividend  and  divisor  are  each 
the  product  of  several  given  factors,  the  process  may 
often  be  shortened  by  canceling  equal  factors  in  divisors 
and  dividend. 

20.  Divide  the  product  of  4,  7,  9,  and  12  by  the 
product  of  4,  7,  and  9. 

process.  Instead  of  f°™ng 

.~ .    .  ,       ...        „       _        „_  the  products,  indicate 

Dividend,  ^XXXftXl2    =  12  the  multiplication  by 

Divisor,  fi  X  7  X  ^  the  proper  sign,  and 

write  the  divisor  un- 
derneath the  dividend.  Since  dividing  both  dividend  and  divisor 
by  the  same  number  does  not  affect  the  value  of  the  quotient 
^Art.  47),  divide  each  by  4,  7,  and  9.  This  may  be  done  by 
canceling,  as  indicated  in  the  process,    The  quotient  is  12, 
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21.  Divide  4  X  7  X  12  by  4  X  12. 

22.  Divide  12  X  3  X  75  by  25  X  6. 

23.  Divide  6  X  8  X  20  by  4  X  20. 

24.  Divide  5  X  7  X  11  X  13J  by  7  X  13J. 

25.  Divide  12  X  16  X  28  by  9  X  24  X  21. 

PKOCESS. 


=  £-  =  1* 


8        4 

Bxtfx». 

8X4 

32 

9X#X  ? J 

9X3 

=  27 

Jl        3 

Cancel  12  in  the  dividend  and  divide  24  in  the  divisor  by  12, 
giving  2.  Cancel  the  2,  and  divide  16  in  the  dividend  by  2,  giv- 
ing 8.  Divide  the  28  in  the  dividend  and  21  in  the  divisor,  each 
by  7,  giving  4  and  3.  The  uncanceled  factors  of  the  divisor  are 
8  and  4,  and  those  of  the  dividend  are  9  and  3. 

26.  Divide  24  X  27  X  12J  by  18  X  54  X  50. 

27.  Divide  28  X  30  X  100  by  21  X  15  X  33£. 

28.  Divide  40  X  22  X  35  X  16§  by  20  X  44  X  50  X  49. 

29.  Divide  24  X  (10  —  7)  X  6  by  12  X  3  X  (4  +  2). 

Note. — The  power  of  the  sign  X  does  not  extend,  right  or 
left,  beyond  a  +  or  — ,  without  the  aid  of  a  parenthesis.  Thus : 
24X10  —  7X6  =  240  —  42;  but  24X  (10  — 7)  X  6  =  24  X  3X  6. 
12X3X4  +  2X3  =  144  +  6;  but  12X3X(4  +  2X3)=12X3X10. 
The  same  is  true  of  the  power  of  the  sign  -*-. 

30.  Divide  18x(24— 6x  3)X5  by  (24— 18) X  (3 +  6). 

3 1.  Divide  (8  +  4)  X  (8  —  4)    by    (13  —  7)  X  (6  +  2). 

32.  Divide  6  X  7  X  (9  —  5)   by   14  X  3  X  (7  —  3). 

33.  (9  X  7  X  8  X  3)  -*-  (12  X  4  X  18)  =  what? 

34.  (15  X  4  X  21  X  12)  -s-  (20  X  14  X  9  X  2)  =  what? 

Note. — Arithmeticians  are  not  agreed  respecting  the  order  in 
which  the  operations  indicated  by  X  and  -s-,  are  to  be  performed. 
8X6-5-4X3  may  equal  36  or  4,  since  the  operations  may  be  per- 
formed in  their  order  from  left  to  right,  or  8  X  6  may  be  divided 
by  4X3.  All  ambiguity  is  removed  by  the  use  of  the  paren- 
thesis, as  in  examples  31  and  32.     See  "Manual  of  ArithmetiCc". 
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DEFINITION,    PRINCIPLES,  AND  RULE. 

Art.  55.  Cancellation  is  the  omission  of  one  or  more 
of  the  equal  factors  of  divisor  and  dividend,  to  shorten 
the  process  of  division. 

Art.  56.  Principles. — 1.  The  canceling  of  one  of  the 
factors  of  a  number  divides  the  number  by  the  factor  canceled. 

2.  Canceling  equal  factors  of  both  dividend  and  divisor 
divides  them  by  the  same  number,  and  hence  does  not  change 
the  value  of  the  quotient. 

Art.  57.  To  divide  the  product  of  several  numbers 
by  the  product  of  several  other  numbers  by  cancellation : 

Rule. — Indicate  the  multiplications  by  the  proper  sign,  and 
write  the  divisor  underneath  the  dividend.  Cancel  the  factors 
common  to  both  dividend  and  divisor,  and  divide  the  product 
of  the  factors  left  in  the  dividend  by  the  product  of  those  left 
in  the  divisor. 

Note. — When  all  the  expressed  factors  of  either  dividend  or 
divisor  are  canceled,  1  remains  as  a  factor. 
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Art.  58.     Integral  numbers  are  either  Even  or  Odd. 

An  Even  Number  is  exactly  divisible  by  2 ;  as,  4,  8, 
10,  14,  20. 

An  Odd  Number  is  not  exactly  divisible  by  2 ;  as,  5, 
9,  13,  17,  21. 

1.  Name  all  the  even  numbers  from  1  to  20;  from  30 
to  50;  from  50  to  70. 

2.  Name  all  the  odd  numbers  from  0  to  20;  from  20 
to  40;  from  50  to  70. 
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Art.  59.  Integral  numbers  are  either  Composite  or 
Prime. 

A  Composite  Number  is  divisible  by  other  integers 
besides  itself  and  one;  as,  6,  12,  21. 

A  Prime  Number  is  divisible  only  by  itself  and  one; 
as,  7,  13,  17. 

A  composite  number  is  the  product  of  two  other  integers ;  and 
a  prime  number  is  not  the  product  of  two  other  integers. 

3.  Name  all  the  composite  numbers  from  0  to  20; 
from  20  to  50. 

4.  Name  all  the  prime  numbers  from  0  to  20:  from 
20  to  50. 

5.  Is  the  number  21  prime  or  composite?  The  num- 
ber 23?     27?    29?    41?    42?    47? 

Art.  60.  The  following  tests  are  useful  in  determin- 
ing whether  a  number  is  prime  or  composite : 

1.  A  number  is  divisible  by  2  if  its  last  or  unit  digit  is 
even  or  0. 

2.  A  number  is  divisible  by  5  if  its  last  digit  is  5  or  0. 

3.  A  number  is  divisible  by  3  if  the  sum  of  its  digits  is 
divisible  by  3. 

4.  If  any  prime  number  be  divided  by  6,  the  remainder 
will  be  either  1  or  5. 

Note. — The  best  way  to  determine  whether  a  number  is  divis- 
ible by  7,  13,  17,  and  other  higher  prime  numbers,  is  to  attempt 
to  divide  by  them. 

Art.  61.  Two  or  more  numbers  are  prime  to  each 
other,  or  relatively  prime,  when  they  have  no  common 
divisor  except  1.  Thus,  9  and  16  are  prime  to  each 
other. 

All  prime  numbers  are  prime  to  each  other.  Composite  num. 
bers  may  be  relatively  prime ;  as,  9  and  10 ;  16  and  25. 
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FACTORS. 

Note. — The  terms  number,  factor,  divisor,  and  multiple  used  in 
the  next  ten  pages  denote  integers. 


ORAL     EXERCISES. 

1.  What  two  numbers  multiplied   together  will  pro- 
duce 15?    21?    33?    28?     35?    42?    56? 

The  numbers  which,  multiplied  together,  will  produce  a  num- 
ber, are  its  Factors. 

2.  What  are  the  factors  of  6?     10?     15?     14?    25? 
39?    45?    55?    77?    63?    72?    77? 

3.  Give  all  the  pairs  of  factors  of  24. 

Answer —24  =  12  X  2,  or  4  X  6,  or  3  X  8. 

4.  Give  all  the  prime  factors  of  12;  18;  27;  30;  36; 
42;  45;  50;  60;  63;  72. 

5.  What    are    the   prime   factors   of   24?     32?     48? 
56?    60?    80?    84?    90? 

6.  Of  what  number  are  2,  3,  and  5  the  prime  factors  ? 
2,  3,  and  7?    3,  5,  and  7?    2,  5,  and  11? 


WRITTEN     EXERCISES. 

7.  What  are  the  prime  factors  of  90?         process. 

2)90 
What  are  the  prime  factors  of:  3^4^ 

8.  100?      96?     120?     150?  „77T 

9.  124?     256?    220?     320? 


10.  112?     140?     168?    280?  5 

11.  84  ?     126  ?    210  ?     420  ?       2>  3,  3,  5,  Prime  factors. 

12.  126?    252?     125?    288? 
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13.  What  prime  factors  are  common  to  72  and  84? 


PROCESS. 


The    common    factors    may  72  =  ^X^X2X^X3 

be   designated    by   drawing  a  84  =  2X^X3X7 

line  through  them. ■ 

2,  2,  3,  Common  factors. 

14.  What  prime  factors  are  common  to  100  and  120? 
124  and  180?     220  and  320?     126  and  210? 

15.  What   is   the  greatest   factor  common  to   84  and 
108? 

PROCESS. 

Resolve  84  and   108  into  84=^X2X^X7 

their    prime    factors.      The  108  =  ?  X  ?  X  ^  X  3  X  3 
product    of    their    common 

prime  factors  is  their  great-  2,  2>  3>  Common  factors. 

est  common   factor.  2X2X3  =  12,    G.  C.  F. 

What  is  the  greatest  common  factor  of: 

16.  84  and  210?  21.  225,  315,  420? 

17.  96  and  240?  22.  192,  243,  405? 

18.  115  and  210?  23.  210,  420,  245? 

19.  189  and  378?  24.  189,  252,  315? 

20.  275  and  550?  25.  42,  84,  105,  210? 


DEFINITIONS,  PRINCIPLES,  AND  RULES. 

Art.  62.  A  Factor  of  a  number  is  one  of  the  two 
or  more  numbers  wThich,  multiplied  together,  will  pro- 
duce it. 

When  a  number  is  a  factor  of  each  of  two  or  more 
numbers,  it  is  their  Common  Factor. 

When  a  number  is  the  greatest  factor  common  to  two 
or  more  numbers,  it  is  their  Greatest  Common  Factor. 

Art.  63.  Principles.— 1.  A  factor  of  a  number  is  a 
factor  of  any  number  of  times  that  number. 
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2.  A  composite  number  is  the  product  of  all  its  prime 
factors. 

3.  If  a  composite  number,  composed  of  two  factors,  be 
divided  by  one  factor,  the  quotient  will  be  the  other  factor. 

4.  If  any  composite  number  be  divided  by  a  factor,  or  by 
the  product  of  any  number  of  its  factors,  the  quotient  will  be 
the  product  of  the  remaining  factors. 

Art.  64.  1.  To  resolve  a  composite  number  into  its 
prime  factors : 

Rule. — Divide  it  by  any  prime  factor,  and  the  quotient 
by  any  prime  factor,  and  so  continue  until  a  quotient  is  ob- 
tained which  is  a  prime  number.  The  several  divisors  and 
the  last  quotient  are  the  prime  factors.    ' 

2.  To  find  the  greatest  common  factor  of  two  or  more 
numbers : 

Rule. — Resolve  the  given  numbers  into  their  prime  factors 
and  select  the  factors  which  are  found  in  all  the  numbers. 
The  product  of  the  common  prime  factors,  thus  found,  vjill 
be  the  greatest  common  factor. 


DIVISORS. 

ORAL     EXERCISES. 

1.  What  are  the  divisors  of  15?  28?  45?  23?  75? 
90?    81?    96?     108?    121? 

2.  What  are  the  prime  divisors  of  10?  Of  18?  20? 
30?    42?    50?     60?     63?    75?     81? 

3.  What  is  a  common  divisor  of  15  and  35  ?  42 
and  56?  63  and  72?  64  and  80?  36  and  72?  35 
and  70?    42  and  77?    56  and  72? 

4.  What  is  a  common  divisor  of  27  and  36?  18,  30, 
and  42?  36,  54,  and  72?  35,  42,  and  70?  36,  60,  and 
84?    40,  64,  and  72?    56,  72,  and  80? 
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5.  What  is  the  greatest  number  that  will  exactly 
divide  32  and  48?  45  and  90?  60  and  96?  36  and 
90?     48  and  72?     36  and  108? 

6.  What  is  the  greatest  common  divisor  of  36  and 
60?     45,  60,  and  75?     18,  54,  and  90?     24,  48,  and  72? 

7.  What  is  the  greatest  common  divisor  of  24,  48, 
and  72?  16,  48,  and  80?  20,  31,  and  45?  16,  80,  and 
96?     24,  36,  and  144?    50,  75,  and  250? 

8.  Show  that  every  common  divisor  of  16  and  28  is 
a  divisor  of  their  sum. 

9.  Show  that  every  common  divisor  of  16  and  28  is 
a  divisor  of  their  difference. 

Suggestion. — The  common  divisors  of  16  and  28  are  2  and  4, 
and  each  is  a  divisor  of  44,  the  sum  of  16  and  28,  and  in  like 
manner  it  may  be  shown  that  a  common  divisor  of  any  two  numbers 
is  a  divisor  of  their  sum. 

The  common  divisors  of  16  and  28  are  each  a  divisor  of  12, 
their  difference,  and  in  like  manner  it  may  be  shown  that  a 
common  divizor  of  any  two  numbers  is  a  divisor  of  their  difference. 

Any  common  divisor  of  16  or  28  and  12,  their  difference,  is  a 
common  divisor  of  16  and  28,  and  in  like  manner  it  may  be 
shown  that  a  common  divisor  of  either  of  two  numbers  and  their  differ- 
ence, is  a  common  divisor  of  the  two  numbers. 

WRITTEN     EXERCISES, 

10.  What  is  the  greatest  common  divisor  of  126  and 
210? 

process  by  factoring.  Resolve    126    and    210   into 

J9A 9  Y  3  Y  ^  V  ?  their  prime  factors.    The  prod- 

9i(i-9Yavw{  uct  of  a11  the  prime  factors 

ziu-^Af)AJA/< common  to  126  and  210  will  be 

2  X  3  X  7  =  42,  G.   C.  D.       their  greatest  common  divisor. 

What  is  the  greatest  common  divisor  of: 

11.  60  and     84?  14.  112,  140,  and     168? 

12.  63  and  126?  15.     84,  126,  and     210? 

13.  144  and  192?  16.   128,  256,  and  1280? 


PROPERTIES  OF  INTEGERS. 


41 


17.  What  is  the  greatest  common  divisor  of  288  and 

528? 


PROCESS   BY   DIVIDING. 

288)528(1 
288 

240)288(1 
240 

48)240(5 
240 


48  =  G.  C.  D.   of  288  and  528. 


Divide  528  by  288, 
and  288  by  the  first 
remainder,  240,  and 
240  by  the  second 
remainder,  48 ;  and, 
there  being  no  re- 
mainder, 48  is  the 
greatest  common  di- 
visor of  288  and  528. 
Since  48,  the  great- 
est divisor  of  itself, 
is  a  divisor  of  240,   it  is  the  G.   C.    D.   of  48  and  240. 

Since  48  is  a  common  divisor  of  48  and  240,  it  is  a  divisor  of 
288,  their  sum;  and  since  every  common  divisor  of  240  and  288 
is  a  divisor  of  48,  their  difference,  48,  the  greatest  divisor  of  itselT, 
and  a  common  divisor  of  240  and  288,  is  the  G.  C.  D.  of  240 
and  288. 

Since  48  is  a  common  divisor  of  240  and  288,  it  is  a  divisor 
of  528,  their  mm;  and  since  every  common  divisor  of  288  and 
528  is  a  divisor  of  240,  their  difference,  48,  the  greatest  common 
divisor  of  240  and  288,  is  the  G.  C.  D.  of  288  and  528. 

Note. — The  explanation  of  this  process  is  too  difficult  for 
young  pupils.  It  may  be  given  to  advanced  pupils,  who  should 
be  required  to  show,  in  like  manner,  that  the  last  divisor  in  the 
solution  of  other  examples  is  the  greatest  common  divisor. 


What  is  the  greatest  common  divisor  of: 


18. 

196  and  1728? 

29. 

175,  225,  and  275? 

19. 

336  and    576? 

30. 

240,  360,  and  480? 

20. 

407  and     888? 

31. 

144,  216,  and  648? 

21. 

326  and     807? 

32. 

140,  308,  and  819? 

22. 

756  and  1764? 

33. 

240,  336,  and  1768? 

23. 

1064  and  1274? 

34. 

156,  d8o,  and  1287? 

24. 

768  and  5184? 

35. 

2731  and  3120? 

25. 

741  and  1938? 

36. 

2323  and  4242? 

26. 

8260  and  $416? 

37. 

320,  368,  and  432  ? 

27. 

61815  and  83465? 

38. 

504,  672,  and  1260? 

28. 

2145  lb.  and  3471  lb.  ? 

39. 

160,  240,  and  960? 
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DEFINITIONS,  PRINCIPLES,  AND  RULES. 

Art.  65.  A  Divisor  of  a  number  is  a  number  that 
will  exactly  divide  it.     It  is  also  called  a  Measure. 

Every  divisor  of  a  number  is  a  factor,  and  conversely  every 
factor  is  a  divisor.  The  terms  factor  and  divisor  differ  only  in 
origin,  the   former  implying  multiplication  and   the  latter  division. 

A  Common  Divisor  of  two  or  more  numbers  is  a 
number  that  will  exactly  divide  each  of  them. 

The  Greatest  Common  Divisor  of  two  or  more  num- 
bers is  the  greatest  number  that  will  exactly  divide 
each  of  them. 

Art.  66.  Principles. — 1.  Every  divisor  of  a  number  is 
a  prime  factor,  or  the  product  of  two  or  more  of  its  prime 
factors. 

2.  The  product  of  all  the  prime  factors  common  to  two  or 
more  numbers  is  their  greatest  common  divisor. 

3.  A  common  divisor  of  two  numbers  is  a  divisor  of  their 
sum,  or  of  their  difference. 

4.  Any  common  divisor  of  either  of  two  numbers  and  their 
difference  is  a  common  divisor  of  the  two  numbers. 

5.  The  divisor  of  a  number  is  a  divisor  of  any  multiple 
of  it,  and  a  common  divisor  of  two  or  more  numbers  is  a 
divisor  of  any  multiple  of  either  of  them. 

Art.  67.  1.  To  find  the  greatest  common  divisor  of 
two  or  more  numbers  by  factoring : 

Rule. — Resolve  the  given  numbers  into  their  prime  factors, 
and  select  the  factors  which  are  common.  The  product  of  the 
common  factors  will  be  the  greatest  common  divisor. 

2.  To  find  the  greatest  common  divisor  of  two  num- 
bers by  division : 
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Rule. — Divide  the  greater  number  by  the  less,  and  the 
divisor  by  the  remainder,  and  the  second  divisor  by  the  second 
remainder,  and  so  on,  until  there  is  no  remainder.  The  last 
divisor  will  be  the  greatest  common  divisor. 

Note.— When  there  are  three  or  more  numbers,  first  find  the 
greatest  common  divisor  of  two  of  them,  and  then  the  greatest 
common  divisor  of  this  G.  C.  D.  and  a  third  number,  and  so  on. 


MULTIPLES. 

ORAL      EXERCISES. 

The  product  of  two  or  more  numbers  is  a  multiple 
of  each  of  them.     21  is  a  multiple  of  3  and  7. 

1.  Of  what  number  is  15  a  multiple?  21?  42?  35? 
63?    33?    56? 

2.  What  number  is  a  multiple  of  7?     13?     10?     12? 

3.  How  many  multiples  has  5?     Any  number? 

4.  What  is  a  common  multiple  of  5  and  7?  8  and 
12?     6  and  18?     10  and  15? 

5.  What  is  a  common  multiple  of  6  and  7  ?    5  and  9  ? 

6.  How  many  common  multiples  have  3  and  5  ? 
Any  two  or  more  numbers? 

7.  What  number  is  the  least  common  multiple  of  3 
and  5?     4  and  7?    5  and  8?     6  and  10? 

8.  How  many  least  common  multiples  have  3  and  5  ? 
Any  two  or  more  numbers? 

9.  Show  that  every  multiple  contains  all  the  prime 
factors  of  the  numbers  of  which  it  is  a  product. 

Suggestion. — 12  is  a  multiple  of  2  and  6,  or  3  and  4.  The 
prime  factors  of  12  are  2,  2,  and  3,  and  the  prime  factors  of  2 
and  6,  or  3  and  4,  are  2,  2,  and  3.  It  may  also  be  shown  that 
any  number  that  contains  all  the  prime  factors  of  a  given  number  is  its 
multiple. 
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WRITTEN     EXERCISES. 

10.  What   is   the   least   common   multiple   of  12,  18 
and  30? 

PROCESS   BY    FACTORING. 

12  =  %  X  %  X  3 

18  =  2  x£X£ 
30  =  2  X  3  X  5 


Resolve  the  num- 
bers into  their  prime 
factors,  and  select  all 
the  different  factors, 
repeating  each  as 
many  times  as  it  is 
found  in  any  one  of 
the  numbers.  The 
factor  2  is  found  twice  in  12 ;  the  factor  3,  twice  in  18 ;  and  the 
factor  5,  once  in  30.  The  product  of  2X2X3X3X5  is  the  least 
common  multiple  required,  since  it  is  the  least  number  which 
contains  all  the  prime  factors  of  12,  18,  and  30. 


2X2X3X3X5  =  180,  L.  C.  M. 


What  is  the  least  common  multiple  of : 


11.  8,  12,     20? 

12.  9,  21,     42? 

13.  32,  48,     80? 

14.  27,  54,  108? 


15.  18,     24,     72,    48? 

16.  15,     35,     70,  105? 

17.  25,     75,  100,  150? 

18.  $16,  $40,  $60,  $72? 


3) 

6 

15 

21 

35 

5) 

2 

5 

7 

35 

7) 

2 

1 

7 

7 

19.  What  is  the  least  common  multiple  of  12,  15,  42, 
70? 

process  by  division.  Find  all  the  prime 

2)12     15     42     70  factors     by    dividing 

the  given  numbers  by 
any  prime  number 
that  will  exactly  di- 
vide two  or  more  of 
them,  thus :  Divide 
by  2,  a  prime  factor 
of  12,  42,  and  70,  and 
write  the  quotients 
with  the  15  underneath.  Divide  by  3,  a  prime  factor  of  6,  15, 
and  21,  and  hence  a  prime  factor  of  12,  15,  and  42.  Divide  by 
5,  a  prime  factor  of  5  and  35,  and  hence  of  15  and  70.  Divide 
by  7,  a  prime  factor  of  7  and  7,  and  hence  of  42  and  70.  The 
remaining  quotient  2  is  a  prime  factor  of  12. 


2       111 
2X3X5X7X2  =  420,  L.  C.  M. 
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Hence,  all  the  prime  factors  of  12,  15,  42,  and  70  are  2,  3,  5, 
7,  and  2,  and  since  the  product  of  these  several  prime  factors 
(2X3X5X"X2=  420)  is  the  least  number  that  contains  each 
of  them,  it  is  the  least  common  multiple  of  12,  15,  42,  and  70. 

What  is  the  least  common  multiple  of: 

20.  12,  18,  30?  29.  2,  3,  4,  5,  6,  7,  8,  9? 

21.  8,  28,  70?  30.  10,  12,  15,  20,  30? 

22.  9,  20,  15,  36?  31.  12,  18,  27,  36,  54? 

23.  15,  24,  25,  30?  32.     9,  15,  18,  30,  45? 

24.  18,  21,  27,  36?  33.  14,  21,  30,  35,  70? 

25.  30,  45,  48,  80,  120?  34.  16,  30,  48,  56,  72? 

26.  16,  30,  40,  50,     75?  35.  15,  16,  18,  20,  24? 

27.  15,  27,  35,  42,     70?  36.     7,  14,  15,  21,  45? 

28.  8,  28,  20,  24,  32,  48?  37.  12,  18,  27,  28,  63? 

38.  A  can  walk  round  a  mile  course  in  10  minutes, 
B  in  12  minutes,  and  C  in  15  minutes :  how  many 
minutes  will  each  walk  if  they  all  start  together  and 
walk  until  they  are  all  again  together?  How  many 
miles  will  each  walk? 


DEFINITIONS,  PRINCIPLES,  AND  RULES. 

Art.  68.  A  Multiple  of  a  number  is  any  number 
of  which  it  is  a  factor. 

A  product  is  the  multiple  of  each  of  its  factors.  A  multiple 
may  be  denned  as  the  product  arising  from  taking  a  number 
two  or  more  times. 

A  Common  Multiple  of  two  or  more  numbers  is  a 
multiple  of  each  of  them. 

The  Least  Common  Multiple  of  two  or  more  numbers 
is  the  least  multiple  of  each  of  them. 

Every  number  will  exactly  divide  its  multiple,  and  two  or 
more  numbers  will  each  exactly  divide  their  common  multiple 
or  least  common  multiple. 
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Art.  69.  Principles.— 1.  Every  multiple  of  a  number 
contains  all  its  prime  factors. 

2.  A  common  multiple  of  two  or  more  numbers  contains 
all  their  prime  factors. 

3.  The  least  common  multiple  of  two  or  more  numbers 
contains  all  their  prime  factors,  and  no  other  factors. 

Art.  70.  1.  To  find  the  least  common  multiple  of 
two  or  more  numbers  by  factoring: 

Rule. — Resolve  each  of  the  numbers  into  its  prime  factors, 
and  then  select  all  the  different  factors,  taking  each  the  great- 
est number  of  times  it  is  found  in  any  number.  The  prodr 
uct  of  the  different  factors,  thus  selected,  ivill  be  the  least 
common  multiple. 

2.  To  find  the  least  common  multiple  of  two  or  more 
numbers  by  division  : 

Rule. —  Write  the  numbers  in  a  line,  and  divide  by  any 
prime  divisor  of  two  or  more  of  them,  writing  the  quotients 
and  the  undivided  numbers  underneath.  Divide  these  result- 
ing numbers  by  any  prime  divisor  of  two  or  more  of  them, 
and  so  proceed  until  no  two  of  the  resulting  numbers  have  a. 
common  prime  divisor.  The  product  of  the  divisors  and  the 
last  resulting  numbers  will  be  the  least  common  multiple 
required. 

Note. — If  no  two  of  the  given  numbers  have  a  common  divisor, 
their  product  will  be  the  least  common  multiple. 


FRACTION 


NUMERATION  AND  NOTATION 

1.  If  a  single  thing  be  divided  into  two  equal  pieces, 
what  part  of  the  whole  will  one  piece  be? 

2.  If  a  single  thing  be  divided  into  four  equal  pieces, 
what  part  of  the  whole  will  one  piece  be  ?  Two  pieces  ? 
Three  pieces  ? 

3.  How  many  halves  in  a  single  thing  or  unit  ?  How 
many  fourths? 

4.  Which  is  the  greater,  one  half  or  one  fourth  of  a 
unit?     How  many  fourths  in  one  half? 

5.  What  is  meant  by  one  third  of  a  unit?  Two 
thirds  ?  One  sixth  ?  Three  sixths  ?  Two  fifths  ?  Four 
fifths?     Two  fourths?     Three  fourths? 

Art.  71.  Such  parts  of  a  unit  as  one  half,  two  thirds, 
three  fourths,  etc.,  are  called  Fractions.  A  fraction  may 
be  expressed  in  figures  by  writing  the  figure  denoting 
the  number  of  equal  parts  into  which  the  unit  is 
divided  below  a  short  horizontal  line  [-g-],  and  the  fig- 
ure denoting  the  number  of  equal  parts  taken  above  the 
same  line  [■£].     Thus,  f  expresses  five  sixths  of  a  unit. 

6.  What  does  f  express?  What  does  the  figure  7, 
below  the  line,  denote?     The  figure  5,  above   the  line? 

Read  the  following  fractions,  and  tell,  in  each  case,  what  each  of  the 
two  numbers  denotes: 


(47) 


M- 

10.  f 

13-  A- 

16- A. 

8.  f 

11.  f 

14.  A. 

17.  a- 

9.  f 

12,  |. 

15.  A- 

18.  H- 
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Write  the  following  fractions  in  figures: 

19.  20.  21. 

Two  fifths.      Seven  twelfths.  Twenty-four  fortieths. 

Seven  ninths.  Ten  thirteenths.  Thirty-five  fiftieths. 

Ten  ninths.     Twenty  seventeenths.  Forty  fifty-fifths. 

22.  Is  the  fraction  f  greater  or  less  than   1?     Why? 

23.  Is  |  greater  or  less  than  1?     Why? 

Compare  the  value  of  each  of  the  following  fractions  with  1 : 

24.  f.  26.  ±£-.  28.  f.  30.  fj. 

25.  f .  27.  A-  29-  «■  3L  » 

32.  When   is   the   value   of  a   fraction   less   than    1? 
When  greater  than  1? 


DEFINITIONS   AND   PRINCIPLES. 

Art.  72.  A  Fraction  is  one  or  more  of  the  equal 
parts  of  a  unit. 

The  unit  divided  is  the  unit  of  the  fraction,  and  one  of  the 
equal  parts  into  which  it  is  divided  is  a  fractional  unit.  An 
integer  is  composed  of  integral  units,  and  a  fraction  of  fractional 
units. 

Art.  73.  The  Denominator  of  a  fraction  is  the  num- 
ber of  equal  parts  into  which  the  unit  is  divided. 

The  Numerator  of  a  fraction  is  the  number  of  equal 
parts  taken. 

The  numerator  and  denominator  are  called  the  Terms 
of  the  fraction. 

Art.  74.  A  Common  Fraction  is  a  fraction  that  re- 
sults from  the  division  of  a  unit  into  any  number  of 
equal  parts. 
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A  common  fraction  results  from  the  division  of  a  unit  into 
halves,  thirds,  fourths,  fifths,  sixths,  sevenths,  eighths,  ninths, 
tenths,  etc.,  called  a  common  division ;  and  a  decimal  fraction  re- 
sults from  the  division  of  a  unit  into  lentlis,  hundredths,  etc.,  called 
the  decimal  division  (Art.  109). 

A  common  fraction  may  be  expressed  by  words  or 
by  figures.  It  is  expressed  by  figures  by  two  numbers 
written  one  above  the  other  with  a  line  between  them. 
The  number  above  the  line  denotes  the  Numerator,  and 
the  number  below  the  line  the  Denominator. 

Note.— The  fraction  f  may  be  considered  as  expressing  3 
fifths  of  1  unit,  or  1  fifth  of  3  units,  or  3  divided  by  5.  Hence, 
a  fraction  may  be  considered  an  expressed  division,  the  numer- 
ator being  the  dividend,  the  denominator  the  divisor,  and  the 
fraction  itself  the  quotient. 

Art.  75.     Common   Fractions  are  Proper  or  Improper. 

A  Proper  Fraction  is  one  whose  numerator  is  less 
than  its  denominator;  as,  f,  f. 

An  Improper  Fraction  is  one  whose  numerator  is 
equal  to  or  greater  than  its  denominator. 

The  value  of  a  proper  fraction  is  less  than  one ;  and  the  value 
of  an  improper  fraction  is  equal  to  or  greater  than  one,  and  hence 
it  is  regarded  as  not  properly  the  fraction  of  a  unit. 

Art.  76.  Common  Fractions  are  Single,  Compound, 
or  Complex. 

A  Simple  Fraction  is  a  fraction  not  united  with  an- 
other, and  both  of  whose  terms  are  integral;  as,  f. 

A  Compound  Fraction  is  a  fraction  of  a  fraction; 
as,  1  off;  |  of  Si 

A  Complex  Fraction  is  one  having  a  fraction  in  one 

2      5      a      51 
or  both  of  its  terms;  as,  — ,  — ,  —,  — -. 

4'    f'    |'    3i 

A  Mixed  Number  is  an  integer  and  a  fraction  united; 
as,  5£,  16i. 
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REDUCTION  OF  FRACTIONS. 

CASE     I. 
WHOLE  OR  MIXED  NUMBERS  TO  IMPROPER   FRACTIONS. 

1.  How   many   thirds    in   an   apple?      In  4   apples? 

7  apples?     10  apples?     20  apples? 

2.  How  many  fifths   in    3   melons?     In   5    melons? 

8  melons?     6  melons?     10  melons? 

3.  How  many  sixths  in  1  ?     In  5?     8?     12?     20? 

4.  How  many  fourths  of  an   inch  in  2\  inches?     In 
3J  inches?     4^  inches?     6^  inches? 

5.  How  many  fifths  in  3£?     4f  ?     12f  ?     164? 

6.  How  many  tenths  in  5^?     8^?     12^?     15^? 

WRITTEN     PROBLEMS. 

7.  Reduce  225  to  sevenths;   225f  to  sevenths. 

PROCESS.  PROCESS. 

225  2254 


7 


m^Ans.  2™,  A*. 


8.  Reduce  324  to  ninths;  324|-  to  ninths. 

9.  Reduce  48}|  to  15ths;    65f|  to  15ths. 

10.  Reduce  54^  to  20ths ;    135^  to  30ths. 

11.  Reduce  63y^-  to  an  improper  fraction. 

Reduce  to  an  improper  fraction: 

12.  74H-     15.  137A-      18-  365A- 

13.  2O63V      16.  408^0.      19-  2°8H- 

14.  145A.      17,  6001f      20,  607A. 
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Art.  77.     1.  To  reduce  an  integer  to  a  fraction: 

Rule. — Multiply  the  integer  by  the  given  denominator,  and 
write  the  denominator  under  the  product. 

2.  To  reduce  a  mixed  number  to  a  fraction  : 

Rule. — Multiply  the  integer  by  the  denominator  of  the 
fraction,  to  the  product  add  the  numerator,  and  write  the 
denominator  under  the  result. 


CASE    II. 
IMPROPER    FRACTIONS  TO  WHOLE  OR  MIXED  NUMBERS. 

21.  How   many  dollars   in    8   half-dollars?      10   half- 
dollars?     12  half-dollars?     16  half-dollars? 

22.  How  many  pints  in  9  thirds  of  a  pint  ?     15  thirds 
of  a  pint  ?     33  thirds  of  a  pint  ?     24  thirds  of  a  pint  ? 

23.  How    many  units   in    20   fifths?     35    fifths?     40 
fifths?    45  fifths?    50  fifths?     60  fifths? 

24.  How  many  units  in  36  ninths?     63   ninths?     72 
ainths?     45  ninths?     47  ninths?     50  ninths? 

25.  How  many  units  in  ^?     -5T6-?     tf-1     4?-?     */? 

26.  How  many  units  in'ff  ?     f|?     M?     W?    W? 

WRITTEN     PROBLEMS. 

27.  Reduce  -2T^  to  a  whole  number. 

process  :  %J>-£-  —  256  -T-  16  =  16,  Ans. 

28.  Reduce  %££  to  a  mixed  number. 

Reduce  to  a  whole  or  a  mixed  number  : 

29.  $&.          32.  $&.          35.  -440.  38.  *ff£. 

30.  2JU.          33.  J$p.          36.  M 04.  39.  ££|4 

31.  -V/.          34.  Hi-        37-  H^-  40-  ^W^* 
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Art.  78.  To  reduce  an  improper  fraction  to  an  inte- 
ger or  mixed  number: 

Rule. — Divide  the  numerator  of  the  fraction  by  the  de- 
nominator. 

CASE      III. 
SIMPLE    FRACTIONS  TO  LOWEST  TERMS. 

41.  How  many  fourths  of  an  inch  in  2  eighths  of 
an  inch?     In  4  eighths?     6  eighths? 

42.  How  many  sixths  in  2  twelfths  ?  In  4  twelfths  ? 
6  twelfths?     8  twelfths?     10  twelfths? 

43.  How  many  sevenths  in  T\?     T64?     T\?     H? 

44.  How  many  eighths  in  -ft?    |f?     ft-     ff  ?    ff  ? 

45.  How  many  tenths  in  ^?     fj?    ff?     ff  ?     ff  ? 

46.  Reduce  ^  ff,  if,  ff ,  «,  «  each  to  fifths. 

47.  Reduce  ff ,  ||,  ff,  and  ff  each  to  sixths. 

48.  Divide  both  terms  of  ^  by  3,  and  show  that  the 
resulting  fraction  is  equal  to  j^. 

49.  Show  that  the  division  of  both  terms  of  any  frac- 
tion by  the  same  number  gives  a  fraction  equal  to  the 
given  fraction,  and  hence  does  not  change  its  value. 


WRITTEN     PROBLEMS. 

50.  Reduce  -J-ff  to  its  lowest  terms. 

process.  Divide  both  terms 

_;        e  M  „  0  °f  tH  by  5,  reducing 

105-1-5    _  _21_        21-^7    =  _6  it  to  if ;  then  divide 

140  -s-  5    "  "    28  28  H-  7    "  "    4 '  both  terms  of  f}  by 

.  o  7>    reducing   it    to   f. 

Or:     1UQ^~6D    =  _£_}  ^s#  Since   f   can   not   be 

140  -i-  35  4  reduced  to  smaller  or 

lower  terms,  it  is  in 
its  lowest  terms.  Or,  divide  both  terms  of  \%%  by  35,  their 
greatest  common  divisor,  thus  reducing  the  fraction  to  f. 
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Reduce  to  lowest  terms: 

51  81  59      -2.6JL  67      Q93  7K       480 
Ol.    lg9.            JO.    4g0.                Oi.    j^j.  (O.    Yj^-g. 

52  195    60  3g°     68  7  2o_     76  *9i 

U*.  21Q.      UV/.  576.       OO.  1125-.       <D.  T48"5. 

53.  Ji£.    61.  iff.    69.  ^    77.  ffff. 
54'  ttt-    62.  fif.    70.  flft.    78.  ^ft. 

55  1 82     63  £££     71  924      7q  isi8 

^  196-      UO*  7  8  4'        '  -1-  10  92-       IV'     2323' 

56  192       64   39  1        70   3  24        Q(]   1170 
OV.     224.      °*  6  6  7"        '*•  2T8  4-       OU'  1287* 

57.  Hf         65.  fff.  73.  ^A-  81.  ffff. 

58.  Iff.        66.  fff.  74.  #&.  82.  ffff 

83.  Express  the  quotient  of  23   divided  by  45  in  its 
simplest  form.     Arts.  |J. 

84.  Express  the   quotient  of  19  divided  by  37  in   its 
simplest  form;  also  128 -f- 256. 

85.  Divide  288  by  360,  and  express  the  quotient  in  its 
simplest  form. 


DEFINITIONS,  PRINCIPLE,  AND  RULES. 

Art.  79.  A  fraction  is  reduced  to  lower  terms  when  it 
is  changed  to  an  equivalent  fraction  with  smaller  terms. 

A  fraction  is  in  its  lowest  terms  when  its  terms  are 
prime  to  each  other. 

Art.  80.  Principle. —  The  division  of  both  terms  of  a 
fraction  by  the  same  number  gives  a  fraction  equivalent  to 
the  given  fraction. 

Art.  81.     To  reduce  a  fraction  to  its  lowest  terms : 

Rules. — 1.  Divide  both  terms  of  the  fraction  by  any  com- 
mon divisor;  then  divide  both  terms  of  the  resulting  fraction 
by  any  common  divisor ;  and  so  on,  until  the  terms  of  the 
resulting  fraction  have  no  common  divisor  except  1.     Or, 

2.  Divide  both  terms  of  the  fraction  by  their  greatest  com- 
mon divisor. 
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CASE     IV. 
FRACTIONS  TO  HIGHER    TERMS. 

86.  How  many  eighths  of  a  foot  in  1  fourth  of  a  foot  ? 
In  2  fourths?     3  fourths?     5  fourths?     7  fourths? 

87.  How  many  twelfths  in  3  sixths?  4  sixths?  5 
sixths?     6  sixths?     7  sixths?     10  sixths? 

88.  How  many  fifteenths  in  i?     |?     f?     f?    f? 

89.  Change  f,  f,  and  £  each  to  twelfths. 

90.  Change  },  f,  f ,  and  T7o  each  to  fortieths. 

91.  Change  f,  f,  -^,  and  j\  each  to  sixtieths. 

92.  Change  f,  f,  T7o,  and   ^  each  to  thirtieths. 

93.  Change  f,  f,  T\,  and  ^  each  to  fortieths. 

94.  Multiply  both  terms  of  §  by  4,  and  show  that 
the  value  of  the  fraction  is  not  changed. 

95.  Show  that  the  multiplication  of  both  terms  of 
any  fraction  by  the  same  number  does  not  change  its 
value. 

WRITTEN     PROBLEMS. 

96.  Reduce  f,  J,  and  fj-  to  twenty- 
fourths. 

97.  Reduce  £,  J,  yr>  ancl  tt  to  thirty- 
sixths. 

98.  Reduce  ^,  T75,  ^  and  ^  to  sixtieths. 

99.  Reduce  f,  f,  f,  and  T%  to  forty-fifths. 

100.  Reduce  J,  fV>  A>  and  tt  to  forty-eighths. 

101.  Reduce  §,  f,  T75,  and  ^f  to  sixtieths. 

102.  Solve  problems  88  to  93  above  on  slate  or  paper. 

DEFINITION,  PRINCIPLE,  AND  RULE. 

Art.  82.  A  fraction  is  reduced  to  higher  terms  when 
it  is  changed  to  an  equivalent  fraction  with  greater 
terms. 


PROCESS. 

* 

7 
8 

H 

ft 

ft 

ft 
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Art.  83.  Principle. — The  multiplication  of  both  terms 
of  a  fraction  by  the  same  number  gives  a  fraction  equivalent 
to  the  given  fraction. 

Art.  84.     To  reduce  a  fraction  to  given  higher  terms: 

Rule. — Divide  the  given  denominator  by  the  denominator 
of  the  fraction,  and  multiply  both  terms  by  the  quotient. 


CASE  V. 

FRACTIONS  TO  EQUIVALENT   FRACTIONS  WITH  A  COMMON 
DENOMINATOR. 

WRITTEN     PROBLEMS 

103.  Reduce  f,  T7g,  ^J,  and  fj  to  equivalent  fractions 
with  the  least  common  denominator. 


PROCESS. 


110. 

4      111  7      28 

9)     12)     3  6)     2  4* 

111. 

2       3       5       7 
3?     5?     65     8" 

112. 

7          8        1113 
10)     15?     20)     30' 

The  least  common  multiple  of  8,  16,  24, 
and  32   is  96,   and   hence  96  is  the  least 
f     1^     ii     li         common   denominator.      Change   the   frac- 
6  0      4_2      44      6  3         tions  to  96ths,   as  follows :    f  =  f f ;   re  = 

FS"       96        96        9~6 


Reduce  to  equivalent  fractions  with  the  least  common  denominator: 

104      3.     A     _7_      _7_ 
XV/*'     4)     8)     16)     12' 

105.  |,  \,  |,  f 

106.  i,  f,  i,  &. 

107.  |,  |,  A,  ft  113-  ft  A.  ft  ft 

1 0ft      4        9        13       11  114       2      11      11       29      81 

XUO*    "5)    TO)     2~0")    TU-  J"L*'      5)     12)     2  0)     3  0)     60* 

10Q      2      3       5        4  115      5      H      H      12      101 

*-"*•     3")    T)     6")     2T*  M'XOt    "9)     3  5)     4  5)     6  3)     115' 

Art.  85.  To  reduce  several  fractions  to  equivalent 
fractions  with  the  least  common  denominator: 

Rule. — Divide  the  least  common  multiple  of  the  denomina* 
tors  by  the  denominator  of  each  fraction,  and  multiply  both 
of  its  terms  by  the  quotient. 
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CASE    VI, 

COMPOUND  FRACTIONS    TO    SIMPLE   FRACTIONS. 

118.  How  much  is  1  half  of  1  third  of  a  pear?  1 
half  of  1  fourth  of  a  pear  ?     £  of  £  of  a  pear  ? 

117.  A  father  divided  ^  of  a  pine-apple  equally  among 
3  hoys :  what  part  of  the  pine-apple  did  each  boy 
receive  ? 

118.  What  is  i  of  i?    i  of  i?    i  of  i?    i  of  |? 

119.  What  is  J  of  J?    }  of  f?     J  of  |?    £  of  f  ? 

120.  What  is  J-  of  i?    Joff?    f  of  |?    f  of  f? 

Solution. — A  of  £  is  ^ ;  4  of  f  is  T25  ;  and  f  of  f  is  2  times  T2T, 
which  is  T43  ;  and  f  of  f  is  3  times  T2s,  which  is  T63,  or  f . 

121.  What  is  \  of  i?    i  of  |?    f  of  |?    f  of  -J? 

122.  What  is  |  of  |?     |  off?     foff?    f  of  i? 

123.  What  is  f  of  |?    f  of  f?    f  of  A?    f  of  f  ? 

Note. — f  of  |  =  f  Xf,  and  hence  "of"  between  two  frac- 
tions is  equivalent  to  X- 

WRITTEN    PROBLEMS. 

124.  Reduce  f  of  f  of  3-J-  to  a  simple  fraction. 
process:  §  of  I  of  3*  =  |X  |X¥  =  ttf  =  ¥  =H,  A™> 

Or:   |  of  |  of  8J=   ^/^  =  ¥  =  H,  ^. 


Reduce  to  a  simple  fraction: 


125. 

|  of  |  of  f . 

126. 

1  qf  f  of  21 

127. 

♦  of  «  of  1J. 

128. 

|  of  f  of  2t 

129. 

f  of  f  of  f  o: 

130.  f  of  -^  of  f  of  4f . 

131.  §  of  f  of  2|  of  2i 

132.  f  of  A  of  A  of  3i. 

133.  I   of  if  of  H  of  3i 

134.  £  of  if  of  H  of  2|. 
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Art.  86.  To  reduce  a  compound  fraction  to  a  simple 
fraction : 

Rules. — 1.  Multiply  the  numerators  together  for  a  numer- 
ator, and  the  denominators   together  for  a  denominator.     Or : 

2.  Indicate  the  continued  multiplication  of  the  numerators, 
and  also  of  the  denominators,  and  reduce  the  resulting  fraction 
to  its  lowest  terms,  by  cancellation. 


135.  Reduce  16  to  a  fraction  having  8  for  a  denom- 
inator. 

136.  How  many  15ths  of  a  gallon  in  33^  gallons  ? 

137.  Reduce  %0^  to  a  mixed  number  with  the  fraction 
in  its  lowest  terms. 

138.  Reduce  SfJ,  $W>  S-%8/,  and  $^  each  to  whole 
or  mixed  numbers. 

139.  Reduce  12-J-,  18},  and  33^-  to  improper  fractions, 
and  each  to  12ths. 

140.  Reduce  T2-  of  ^  of  211g-  of  24  to  a  simple  fraction. 

141.  Reduce  f  of  J,  £  of  2f,  and  f  of  13^-  to  equiva- 
lent simple  fractions  'in  their  lowest  terms. 

142.  Reduce  f,  f ,  and  -^  to  equivalent  fractions  hav- 
ing the  least  common  denominator. 

143.  Reduce  f,  J,  \\,  and  2^-  to  equivalent  fractions 
having  the  least  common  denominator. 

144.  Reduce  f,  5^,  and  f  of  f  to  equivalent  simple 
fractions  having  the  least  common  denominator. 

145.  Reduce  f,  f  of  -f-,  and  f  of  6f  to  equivalent 
simple  fractions  having  the  least  common  denominator. 

146.  Reduce  \  of  2J-,  f  of  3,  and  f  of  f  of  6J  to 
equivalent  simple  fractions  having  the  least  common 
denominator. 

147.  Reduce  f  of  f  of  f ,  f  of  2J,  and  f  of  2|  of  J  to 
equivalent  simple  fractions  with  the  least  common  de- 
nominator. 
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ADDITION  OF  FRACTIONS. 

1.  What  is  the  sum  of  -f,  f,  and  i  ? 

2.  What  is  the  sum  of  T%,  -j^,  and  ||? 

3.  What   is   the   sum    of  ^    and    \1     f   and   |?     | 
and  i?    i  and  i?    £  and  J?     \  and  f  ? 

4.  What  is  the  sum  of  f  and  f  ?     f  and  f  ?     f  and  |  ? 

5.  What  is  the  sum  of  f  and   ^-?     f  and  y7^?     f 
and  £?    f  and  f  ?    f  and  T7¥?    f  and  f  ? 

6.  What  is  the  sum  of  f  and  ±  ?     f  and  f  ?     f  and 
A?     |  and  A?    |  and  A?     £-  and  |? 

7.  What   is   the   sum   of  f  and   2J?    |  and    1\1    f 
and  J?    f  and  L|?     J  and  A?    f  and  ^? 

8.  What  is  the  sum  of  J,  J,  and  J?     J,  £,  and  y^? 
2,   4,  ana  -g-  \     ¥,   3,  ana  y-j  : 

9.  What  is  the  sum  of  \  of  -f  and  -|  of  f  ? 

10.  Show  that  fractions  having  a  common  denomi- 
nator express  like  fractional  units,  and  hence  can  be 
added. 

WRITTEN     PROBLEMS. 

1 1.  What  is  the  sum  of  ^3,  -J-|,  and  -|-§  ? 

DI)nprcB  .       9        I      1  6      I      1  0 9-16   +   10 35   -112        Ano 

PROCESS  •     23+23+23  23  2~3  X  2~3  >    ^mS* 

12.  What  is  the  sum  of  {},  if,  ff,  and  T7g  ? 

13.  What  is  the  sum  of  if,  ff,  fi,  and  ff  ? 

14.  What  is  the  sum  of  |f  <y,  ttto>  and  tM? 

15.  What  is  the  sum  of  f,  y^-,  and  -j-f  ? 

process.  Since  only  like  fractional  units  can  be 

1_lx    i    ii_  added,  reduce  the   fractions  f,  Tv,  and  {% 

so        28    133-  *°   eQuivalent  fractions  having  a  common 

TE  ~r~  T8  ~~r  T&  —  denominator,  and   then  add   the   resulting 

fi  =  Iff,  Ans.  fractions. 


16. 

4  nnrl     11 

5  allU     14- 

17. 

3        7       anrl      9 
8)    T2">    dI1Q    T6' 

18. 

l  tt>  and  ft 

19. 

h  to>  and  |f. 

20. 

A,  ft  and  ft. 
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4oW  f/?e  following  fractions: 

21      -9-      -^      23      r,  r-,  pi     4  1 

ej"   16?   27T?   317?  ana  q^. 
**•  fj  "95  itj  ana  g^. 

23      13       15       50      o^pl     2 

*a*  T8"?  2T>  8Tj  ana  ¥. 
24«  h  T2,  tV,  and  &. 
25<   tVj  tVj  A>  and  fa 

26.  Add  f,  §  of  f ,  and  f  of  f  of  2J. 

process.  Since  f   of  *  =  *»  and  * 

2   nf  s  _  2  .   3  of  5  of  7  _  5  .         of  §  of  2i  -  f,  the  sum  of 

27.  Add  I  of  f,  f  of  A  of  2i   and  }. 

28.  Add  i  of  21    J  of  f,  and  f  of  }  of  6. 

29.  Add  f\,  j  of  5,  and  f  of  f  of  f. 

30.  Add  T\  of  2,  §  01  f ,  i  of  J  of  £,  and  3}. 

31.  Add  331   37},  55f,  and  66}. 

PROCESS. 

The  sum  of  33$,  37£,  55|,  and  66|, 
equals  the  sum  of  i  +  2  +  f  +  f  added  to 
the  sum  of  33  +  37  +  55  +  66.  }  +  }  +  f 
+  2  =  2T32  or  2£.  Write  the  \  under  the 
fractions  and  add  the  2  with  the  integers. 
The  sum  is  193£. 
1931    Ans. 

32.  Add  391   56f,  88},  and  104&. 

33.  Add  45,  87f,  66},  and  75}. 

34.  Add  12i,  16},  18f,  301,  331   and  62}. 

35.  Add  f,  }  of  f,  16},  and  48}. 

36.  Add  5121    318},  825,  and  3811 

37.  Add  f ,  A,  f  of  5i,  and  65^. 

38.  Add  f,  f ,  f ,  fa  and  A  °f  21- 


33^ 

A 

37* 

A 

55J 

A 

66} 

A 
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PRINCIPLES  AND  RULES. 

Art.  87.  Principles. — 1.  Only  like  fractional  units  cati 
be  added.     Hence, 

2.  Fractions  must  have  a  common  denominator  before  they 
can  be  added. 

Art.  88.     1.  To  add  fractions: 

Rule. — Reduce  the  fractions  to  equivalent  fractions  having 
a  common  denominator,  add  the  numerators  of  the  new  frac- 
tions, and  under  the  sum  write  the  common  denominator. 

2.  To  add  mixed  numbers: 

Rule. — Add  the  fractions  and  the  integers  separately,  and 
combine  the  results. 

Notes. — 1.  Compound  fractions  must  be  reduced  to  simple 
fractions  before  they  can  be  added. 

2.  When  mixed  numbers  are  small  they  may  be  reduced  to 
improper  fractions  and  then  added. 


SUBTRACTION  OF  FRACTIONS. 

1.  How  much  is  f  of  an  orange  less  f  of  an  orange? 

2.  How  much  is  §  less  §?     f  less  f  ?     f  less  J? 

3.  How  much  is  fj-  less  ^?     \\  less  fV?    {%  less  T92? 

4.  How  much  is  f  of  an  apple  less  ^  of  an  apple? 

Suggestion. — Change  §  and  £  to  twelfths. 

5.  How  much  is  f  less  J?    f  less  |?    §  less  J? 

6.  How  much  is  f  less  f  ?    f  less  f  ?    f  less  f  ? 

7.  How  much  is  f  less  f  ?    f  less  |?    f  less  f? 

8.  How  much  is  f  less  £?     -J  less  f  ?     \  less  f  ? 

9.  How  much  is  ^  less  i?    ri  less  I?    i  ^ess  tV? 
10.  How  much  is  \  less  J?    §  less  j?    f  less  J? 
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can    not   f   I 
g  the  fractior 
a  common  denominator? 


11.  Why   can    not   f   be   subtracted   from   f   without 
first  reducing  the  fractions  to  equivalent  fractions  with 


WRITTE  N     PROBLEMS. 

12.  Subtract  if  from  f£. 

process:   tt_i|^_MiVi9.=Aj   ^ 

13.  Subtract  fj  from  |$;  fj  from  Jf ;  ff  from  Jf. 

14.  Subtract  ■&  from  |f. 

process:  {%—  j^  =  f^  —  £$  =  $$,  ^4rcs. 

15     14  5.?  18      3  3  11?  2110  9? 

1  °'    1 3  9  •  -1  °«    30  2TF  •  ^  ■»■•    T3  44"' 

!«■«-**  19-  «-«?  22.  |f-H? 

17.«-A?  20.^-^?  23.  H-if? 

24.  From  £  of  J  take  f  of  |  of  f . 

process:  i  of  |  =  |;    f  of  |  of  |  =  -J-;    f  —  -J-  = -jfir>  Am- 

25.  From  f  of  f  take  f  of  f  of  f. 

26.  From  f  of  7  take  |  of  f  of  7. 

27.  From  §  of  £  of  f  take  #  of  f  of  f . 

28.  From  f  of  f  of  2|  take  -&. 

29.  From  342  f  take  247f. 

First  subtract  the  fractions  and  then  the 
process.  .  ,  „.         ,  = . .  ,         0 

integers.     Since  \%  is  greater  than  ^,  add 

342  f          2%  |a  to  ^_?  making  §f,  and   then  subtract  $$ 

247J         •§-§■  from  ff>  writing  the   difference,  |f,   under 

qi13 — ~j —  the  fractions,  and  adding  1    (§#)   to  the  7 

2  ° '  units  before  subtracting  the  integers. 

Note. — Instead  of  adding  1   to  the  7  units,  1  may  be  taken 
from  the  2  units  in  the  minuend. 
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w  much  is: 

30.  5i  —  3J? 

33.     93|  —  46  J? 

36. 

241f-153JL? 

31.  6|  —  4J? 

34.    56f  — 37|? 

37. 

233^—    162i? 

32.  9f  —  7}? 

35.  108-f  —  90}? 

38. 

3121-    248}? 

39.  What  fraction  added  to  f  will  make  |£? 

40.  What  number  added  to  6}  will  make  16}? 

41.  From  }  of  }  of  f  take  f  of  f  of  f 

42.  From  f  of  f  of  2}  take  f  of  ^  of  f 

43.  From  66%  take  }  of  75. 


PRINCIPLES    AND  RULES. 

Art.  89.  Principles. — 1.  Only  like  fractional  units  can 
be  subtracted.     Hence, 

2.  Fractions  must  have  a  common  denominator  before  their 
difference  can  be  found. 

Art.  90.     1.  To  subtract  fractions  : 

Rule. — Reduce  the  fractions  to  equivalent  fractions  having 
a  common  denominator,  subtract  the  numerator  of  the  subtra- 
hend from  the  numerator  of  the  minuend,  and  under  the 
difference  write  the  common  denominator. 

2.  To  subtract  mixed  numbers : 

Rule. — Subtract  the  fractions  and  the  integers  separately, 
and  unite  the  results. 

Notes. — 1.  Compound  fractions  must  be  reduced  to  simple  frac- 
tions before  they  can  be  subtracted. 

2.  When  mixed  numbers  are  small,  they  may  be  reduced  to 
Improper  fractions  and  then  subtracted. 


44.  From  the  sum  of  £  and  j  take  their  difference. 

45.  From  J  +  f  take  f  —  f . 
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46.  From  f  +  f  +  A  take  f  of  If 

47.  From  |  -f  f  take  ^  —  f  of  f . 

48.  From  f  +  f  of  2J  +  3J  take  ^  +  f 

49.  From  T\  of  14  take  ^  of  f  +  ■&. 

50.  From  a  cask  containing  45J  gallons  of  sirup,  a 
grocer  sold  one  customer  16|  gallons  and  another  21f 
gallons :  how  many  gallons  remained  unsold  ? 

5 1.  A  man  bequeathed  -^  of  his  property  to  his  wife, 
j^-  of  it  to  his  children,  and  the  remainder  to  a  college 
for  its  better  endowment :  what  part  of  his  property  did 
the  college  receive? 

52.  A  man  owning  §  of  a  factory,  sold  f  of  his  share : 
what  part  of  the  factory  did  he  sell?  What  part  did 
he  still  own  ? 

53.  Two  ninths  of  a  pole  is  in  the  mud,  f  of  it  in 
the  water,  and  the  rest  of  it  in  the  air:  what  part  of 
the  pole  is  in  the  air? 


MULTIPLICATION  OF  FRACTIONS. 

CASE     I. 
FRACTIONS   MULTIPLIED   BY  INTEGERS. 

1.  How  much  is  twice  2  ninths  of  an  inch  ?    4  times 
2  ninths  of  an  inch  ? 

2.  If  a  basket  hold  f  of  a  bushel,  how  many  bushels 
will  8  baskets  hold?     10  baskets? 

3.  How    much    is    8    times    |?      10    times    f  ?     20 
times  f? 

4.  How  much  is  6  times  -f-  ?    8  times  -J  ?    9  times  ^  ? 

5.  How  much  is  7  times  |-j-  ?    9  times  T\  ?    8  times 
i£?     6  times  H?     10  times  <£-? 

6.  How  much  is  12  times  f?     11  times  -f?    10  times 
^-?    9  times  ^?    8  times  A?    7  times  ^? 
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7.  How  much  is  6  times  5£?     9  times  6|?     7  times 
101?     8  times  3f?     10  times  5£?     10  times  3£? 

8.  How    much    is    7    times    4J?      8    times    6J?      12 
times  31?     11  times  5|?    9  times  6J?     6  times  3J? 

9.  Why  does  multiplying  the  numerator  of  j%  by  3 
multiply  the  fraction  by  3? 

10.  Why  does  dividing   the  denominator  of  ^   by  3 
multiply  the  fraction  by  3? 

1 1.  In  how  many  ways  may  a  fraction  be  multiplied 
by  an  integer? 

WRITTEN     PROBLEMS. 


Multiply: 

12.  ^  by     9. 

17. 

T%  by  12. 

22. 

62£  by  36. 

13.  «  by  10. 

18. 

2^  by  16. 

23. 

45J  by  80. 

14.  A  by  24. 

19. 

AV  by  60. 

24. 

S518J  by  32. 

15.  H  by  45. 

20. 

Hi  by  25. 

25. 

S66f  by  52. 

16.  H  by  30. 

21. 

tM  by  50. 

26. 

37£  ft.  by  112. 

PRINCIPLE  AND  RULES. 

Art.  91.     Principle. — A  fraction  is  multiplied  by  multi- 
plying its  numerator  or  dividing  its  denominator. 

Art.  92.     1.  To  multiply  a  fraction  by  an  integer: 
Rule. — Multiply  the  numerator  or  divide  the  denominator. 

2.  To  multiply  a  mixed  number  by  an  integer: 

Rule. — Multiply  the  fraction   and   the   integer  separately, 
and  add  the  products. 

CASE     II. 
INTEGERS  MULTIPLIED  BY  FRACTIONS. 

27.  If  a  ton  of  hay  cost   $16,  what  will  J  of  a  ton 
eost  ?    f  of  a  ton  ?    -§-  of  a  ton  ? 


MULTIPLICATION  OF  FRACTIONS. 


65 


28.  If  an  acre  of  land  is  worth  $50,  what  is  \  of  an 
acre  worth  ?     f  of  an  acre  ?    f  of  an  acre  ? 

29.  What  is  i  of  42  ?    £  of  42  ?    J  of  42  ?    ^  of  42  ? 

30.  What  is  f  of  56?    j-  of  56?    $  of  56?     f  of  56? 

31.  What  is  |  of  63?    •Jrof99?    ^  of  72?    |of56? 
Solution  —  ±  of  56  =  6f,  and  £  of  56  =  7  times  6f  =  43f . 

32.  What  is  f  of  66?    £  of  66?    ^  of  66?    f  of  74? 

33.  What  is  16  X  J?    50  Xf?    42  X  f? 
Suggestion— Since  f  is  f  of  1,  16  X  f  =  f  of  16X1  =1  of  16. 


34.57X1?    75  Xf?    87  X  A?    95XA?    76xf? 
35.47X4?    68  X  J?    75  X  f?    83  X  A?    100  X  A? 
36.  Show  that  the  product  of  an  integer  by  a  fraction 
equals  the  fraction  of  the  integer. 


WRITTEN     PROBLEMS. 


37.  Multiply  654  by  &• 

PROCESS. 

654 

_7 
0r:    12)4578 


12)654 


54| 


3811,  Ans. 
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Since  r\  =  7  times  T\  or 
T\  of  7,  the  product  of  654 
X  T\  —  7  times  ^  of  654,  or 
T\  of  7  times  654. 


Multiply  : 

38.  66  by  J. 

39.  58  by  H 

40.  92  by  A 


42.  784  by  Jf. 

43.  648  by  ff. 

44.  564  by  ff. 


46.  757  by  j  of  f 

47.  908  by  f  of  2*. 

48.  588  by  &  of  3£. 


41.  80  by  A-      45.  384  by  ft.      49.  560  by  f  of  7*. 


50.  Multiply  256  by  27f 

Suggestion.— Since  256  X  27f  =  256  X  27  +  256  X  f ,  first  mul- 
tiply by  the  integer  and  then  by  the  fraction,  or  first  by  the 
fraction  and  then  by  the  integer,  and  add  the  prodncts. 


N.C  A.-ft. 
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Multiply: 

51.  66  by  8J.  56.  406  by  33J.  61.  405$  by  48. 

52.  72  by  9f.  57.  745  by  60}.  62.  676^  by  72. 

53.  96  by  8A-  58«  385  by  45A-  63-  964t  by  50. 

54.  645  by  12|.  59.  708  by  60f.  64.  709^  by  67. 

55.  465  by  18|.  60.  625  by  46f.  65.  907A  by  90. 

PRINCIPLE  AND  RULES. 

Art.  93.  Principle. — The  product  of  an  integer  by  a 
fraction  equals  the  fraction  of  the  integer.  Thus,  5  X|  = 
|  of  5. 

Art.  94.     1.  To  multiply  an  integer  by  a  fraction : 

Bules. — 1.  Divide  the  integer  by  the  denominator,  and 
multiply  the  quotient  by  the  numerator.     Or, 

2.  Multiply  the  integer  by  the  numerator,  and  divide  the 
product  by  the  denominator. 

2.  To  multiply  an  integer  by  a  mixed  number: 

Rule. — Multiply  by  the  integer  and  the  fraction  separately, 
and  add  the  products. 

CASE     III. 
FRACTIONS  MULTIPLIED   BY  FRACTIONS. 

66.  What  is  J  of  £?    \  of  |?    £  of  f  ? 

67.  What  is  |  of  f  ?    f  of  f  ?     £  of  f  ?    f  of  f  ? 

68.  What  is  |X*?    fXf?    fXf?    ^XA? 
Suggestion.~|  X  f  =  f  of  f ;  f  X  f  =  f  of  f ,  etc. 

69.  What  is  fx  A?    fXj|?    y^Xf?    f  X  H?     ' 

70.  What  is  \  of  13i?    f  of  13J? 

Solution.— \  of  1Z\  =  \  of  12,  which  is  1,  -f-  \  of  1£,  which  is 
&,  and  4  +  &  =  4&;  f  of  13£  =  2  times  4A  =  8f. 
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71.  What  is  f  of  16}?    £  of  22J?    |  of  42£? 

72.  What  is  I  of  37£?    f  of  42}?    $  of  65 J? 

73.  Show  that  j  X  f  =  f  of  f . 

WRITTEN     PROBLEMS. 

74.  Multiply  jf  by  f. 

Since  |  =  \  of  3,  the  product 
PR0CBSS'  of  if  X  !  =  £  of  3  times  jf  - 

llyl *  3   x   3     —   13        Ann  i     -f     13X3    13X3    ,  o 

ITAi  —   15x4  —  j  j,  -ans.     j  ot      is     =  15  x  4  =  »• 

75.  tf  by  H-  79.  f  by  *.  of  |.  83.  2*  by  8*. 

76.  tf  by  ff  80.  J  of  &  by  A-  84.  4*  by  5*. 

77.  J*  by  tf.  81.  |  by  f  of  J.  85.  6*  by  3|. 

78.  if  by  fi.  82.  2£  by  ft  of  ft.  86.  10*  by  2*. 

87.  Multiply  the  multiplicand  in  each  of  the  above 
problems  from  75  to  86  by  §. 

88.  Multiply  the  multiplier  in  each  of  the  above  prob- 
lems from  75  to  86  by  f. 

Note. — It  is  not  necessary  for  the  teacher  to  solve  these  prob- 
lems to  determine  the  correctness  of  the  answers  obtained  by  the 
pupils.    See  "Elementary  Arithmetic,"  p.  268. 


PRINCIPLE   AND  RULES. 

Art.  95.     Principle. —  The  product   of  a  fraction   by  a 
fraction  equals  the  fraction  of  the  fraction.     Thus,  f  X  |  = 

Art.  96.     1.  To  multiply  a  fraction  by  a  fraction: 

Rule. — Multiply  the  numerators  together ,  and  also  the  de- 
nominators. 
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2.  To  multiply  a  mixed  number  by  a  mixed  number : 
Rule.— Reduce   the  mixed  numbers  to   improper  fractions, 
and  proceed  as  above. 

Notes.— 1.  Mixed  numbers  may  be  multiplied  together  by 
first  multiplying  the  integers ;  next  multiplying  each  integer  by  the  frac- 
tion united  with  the  other  integer;  next  multiplying  t)ie  two  fractions; 
and  then  adding  the  four  products.  Thus,  18|  X  12*  =  18  X  12  +  18 
Xi  +  12X|4-|Xl-  But  in  most  cases  it  is  shorter  to  reduce 
the  mixed  numbers  to  improper  fractions. 

2.  Cases  I  and  II  may  be  included  in  Case  III,  by  changing 
the  integer  to  the  form  of  a  fraction.     Thus,  f  X  5  =  §  X  f ,  and 

8  X  -  =  *  X  f  • 

3.°The  process  of  multiplying  fractions  may  be  shortened  by 
cancellation.  Compound  fractions  need  not  be  reduced  to  simple 
fractions,  since  |  X  I  of  H  =  f  X  t  X  H- 


89.  What  is  the  product  of  ^ ,  §  of  f ,  and  2\  ? 

90.  What  is  the  product  of  f  of  2J  of  f,  and  1J  of  A? 

91.  Multiply  2J-1H  by  7|-4}. 

92.  Multiply  3i -J  of  2f  of  f  by  T\  -  T\. 

93.  How  many  acres  in  9  village  lots  each  containing 
|  of  an  acre? 

94.  What  will  J  of  a  yard  of  ribbon  cost  at  35  cents 
a  yard?     At  40  cents  a  yard? 

95.  What  will  J  of  a  yard  of  cloth  cost  at  $f  a  yard  ? 

96.  What  will  b\  pounds  of  flour  cost  at   4^  cents  a 
pound?     At  5  J  cts.  a  pound?     At  6J  cts.  a  pound? 

97.  What  will  2£  pounds  of  tea  cost  at  SI  J  a  pound? 

98.  What  is  the  cost  of  35   barrels  of  flour  at  $6^  a 
barrel?     At  S7J  a  barrel?     At  $7|  a  barrel? 

99.  What  will  12-J-  pounds  of  butter  cost  at  18}  cents 
a  pound  ?     At  22^  cts.  a  pound  ?     At  33^  cts.  a  pound  ? 

100.  What  will  27|  yards  of  muslin  cost  at  6^  cts.  a 
yard?     At  7^  cts.  ?     At  12^  cts.  ? 

101.  What  will  J-  of  an  acre  of  land  cost  at   $245  an 
acre?     At  $163  an  acre? 

102.  A  man  owned  ^  of  a  ship  which  was  sold   for 
$13250:  what  was  his  share  of  the  money? 
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DIVISION  OF  FRACTIONS. 

CASE     I. 
FRACTIONS  DIVIDED  BY  INTEGERS. 

1.  If  a  man  can  do  f  of  a  piece  of  work  in  3 
how  much  can  he  do  in  1  day? 

2.  A  man  divided  f  of  a  farm  equally  between  four 
sons :  what  part  of  the  farm  did  each  receive  ? 

3.  How  much  is  f  of  a  week  divided  by  2  ?     By  3  ? 

4.  How  much  is  f  of  a  peck  divided  by  2  ?     By  4  ? 

Solution. — ^  peck  divided  by  2  is  TV  peck,  and  |  peck  divided 
by  2  is  T36  peck.     Or,  f  peck  -h  2  is  £  of  f  peck,  or  T3¥  peck. 

Note. — In  the  first  three  problems,  the  fraction  is  divided  by 
dividing  the  numerator;  in  the  4th  problem,  the  fraction  is  divided 
by  multiplying  the  denominator. 

5.  Divide  f  by  2;  by  3;  by  4;  by  5. 

6.  Divide  T\  by  3 ;  by  4 ;  by  5 ;  by  6. 

7.  Divide  &  by  4;  by  8;  by  3;  by  5. 

8.  Divide  §  by  8;  f  by  5;  f  by  6;  &  by  5. 

9.  Divide  A  by  6;  TV  by  8;  T\  by  5;  if  by  5. 

10.  Why  does  dividing  the  numerator  of  f  by  4 
divide  the  fraction  by  4? 

11.  Why  does  multiplying  the  denominator  of  f  by 
3  divide  the  fraction  by  3? 

12.  In  how  many  ways  may  a  fraction  be  divided 
by  an  integer? 

WRITTEN     PROBLEMS. 

13.  Divide  f|  by  6. 

process.  gince    t0    divide    a    number 

£2-^-6=  122^6-  =  ^5,  Ans.      by  6  is  to  find  |  of  it,  H^6  = 
Oi:U  +  S  =  -dh=lk.      i°fM  =  -4^    or   jfa. 


18. 

#  by  15. 

22. 

H  by  8. 

19. 

tt  by  20. 

23. 

5i  by  12. 

20. 

Vt  by  25- 

24. 

6}  by  10. 

21. 

w  by  20- 

25. 

12*  by  15. 
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Divide : 

14.  if  by  8. 

15.  if  by  7. 

16.  ff  by  11. 

17.  H  by  7. 

26.  Divide  the  dividend  in  each  of  the  above  prob- 
lems from  14  to  25  by  5 ;  by  4 ;  by  6. 

27.  Divide  265*  by  8. 

Suggestion.— |  of  265|  =  1  of  264,  which  is  33,  +  £  of  1£, 
which  is  r36 ;  33  +  i\  =  33&,  the  quotient. 

28.  Divide  365J  by  8;  by  12;  by  10;  by  25. 

29.  Divide  746|  by  8;  by  9;  by  12;  by  20. 

PRINCIPLE  AND  RULES. 

Art.  97.  Principle. — A  fraction  is  divided  by  dividing 
its  numerator  or  multiplying  its  denominator. 

Art.  98.     1.  To  divide  a  fraction  by  an  integer: 
Rule. — Divide  the  numerator  or  multiply  the  denominator. 

2.  To  Divide  a  mixed  number  by  an  integer: 

Rules. — 1.  Reduce  the  mixed  number  to  an  improper  frac- 
tion and  divide  as  above.     Or, 

2.  Divide  the  integral  part  and  then  the  fractional  in- 
cluding the  remainder,  if  any,  and  unite  the  quotients. 

CASE     II. 
INTEGERS  DIVIDED  BY  FRACTIONS. 

30.  How  many  times  is  f  of  a  cent  contained  in  4 
cents  ? 

Solution. — In  4  cents  there  are  20  fifths  of  a  cent,  and  2  fifths 
of  a  cent  are  contained  in  20  fifths  of  a  cent  10  times. 


DIVISION  OF  FRACTIONS.  71 

31.  If  a  fruit  jar  hold  J  of  a  gallon,  how  many  jars 
will  hold  6  gallons?     12  gallons?     18  gallons? 

32.  How  many  times  is  J  contained  in  8  ?     f  in  10  ? 

33.  How  many  times  f  in  10?    f  in  12?    f  in  20? 

34.  How  many  times  J  in  9?    f  in  10?    J  in  6? 

35.  How  many  times  |  in  5?    J  in  10?    f  in  11? 

36.  Show  that  8  -r-  §  ==  8  X  f. 

Suggestion. — 1  -4-  f  =  f,  and  hence  8  -r-  f  =  8  X  f • 

Note. — One  divided  by  a  fraction  gives  the  reciprocal  of  the 
fraction,  which  is  expressed  by  inverting  the  terms  of  the  fraction. 
The  reciprocal  of  §  is  § ;  of  f ,  f ,  etc. 

37.  Show  that  12  -*-  #  =  12  X  f. 

38.  Show  that  10  -~  f  =  10  X  f . 

WRITTEN      PROBLEMS. 

39.  What  is  the  quotient  of  25  -*-  f  ? 

process  :  25  -=-  f-  =  25  X  f  =  *$*■  =  28f ,  Am. 

Since  1  -+■  f  =  f,  25  -^  f  =  25  X  f  =  -™  =  28f.  Hence  an  inte- 
ger is  divided  by  a  fraction  by  multiplying  it  by  the  reciprocal 
of  the  fraction— that  is,  by  multiplying  the  integer  by  the  de- 
nominator of  the  fraction  and  dividing  the  product  by  the 
numerator. 

Divide : 

40.  21  by  A-  44.     96  by  ft.  48.    75  -*-  6J. 

41.  42  by  ft.  45.  125  by  ft.  49.  120  ^-3J 

42.  24  by  ft.  46.    75  by  &.  50.  225  -=-  6J, 

43.  100  by  ff  47.  108  by  Jfe.  51.  150  -4-  7J. 

Art.  99.     To  divide  an  integer  by  a  fraction  : 

Rules. — 1.  Multiply  the  integer  by  the  denominator  of  the 
fraction,  and  divide  the  product  by  the  numerator.     Or, 

2.  Divide  the  integer  by  the  numerator,  and  multiply  the 
quotient  by  the  denominator. 
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CASE     III. 
FRACTIONS  DIVIDED  BY  FRACTIONS. 

52.  How  many  times  is  J-  of  an  inch  contained  in  £ 
of  an  inch  ?     f  of  an  inch  in  f  of  an  inch  ? 

53.  How  many  times  finf?     f  in  f?     f  in  ^? 

54.  How  many  times   f   in   |?     f   in    ^?     f  in  tyl 

55.  How  many  times  f  in  ±f  ?     f  in  -1/  ?    y%  in  -J4  ? 

56.  How  many  times  is  J  contained  in  |?     f  in  f  ? 

Solution. — 1  is  contained  in  3  fourths  f  of  a  time ;  ^  is  con- 
tained in  3  fourths  3  times  |  of  a  time,  which  is  f  times;  f  is 
contained  in  3  fourths  \  of  f  times,  which  is  |  times. 

57.  How  many    times   |   in   f?     f   in    f?     \   in   J? 

58.  How  many  times  f  in  y\?     finf?     finf? 

59.  How  many  times  y%  in  £?     f  in  J?     finf? 

60.  Show  that  the  quotient  of  two  fractions  equals 
the  dividend  multiplied  by  the  reciprocal  of  the  divisor. 

WRITTEN     PROBLEMS. 

61.  Divide  J  by  |. 

process:  %  -*-  f  =  %  X  i  =  f  I  =  Hi,  Ans. 


Since  t  +  l*=W-*-t  =  JLP>  and  i  +  f  =  i£fr 

Hence,  J  h-  f  =  -J  X  f  5  that  is,  J  -i-  |  equals  -I  multiplied 
by  -|  with  the  terms  inverted. 

0r>  l-f  =  i  and  £-f  =  iof  f  =  |  X|;  that  is,  |- 
£  equals  J-  multiplied  by  the  reciprocal  of  f . 

Note. — The  correctness  of  this  process  may  also  be  shown 
by  reducing  the  fractions  to  equivalent  fractions  with  a  com- 
mon  denominator  and   dividing   the    numerators,   thus: 

4  0     >    cilIU    ? 4  0       J     ¥    •    7 40       •       40     8x3  ?Af. 
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What  is  the  quotient  of: 


62.^-14?    66.     3i  +  2i?      70.  ^--|  of  H? 
63.  if 


TO- 


64. 


65-  « 


A?  67.  5i-3i?  71.  f  of  A-s-f  of  4? 
if?  68.  6|.-4-12}?  72.  JTof3|^-|of2i? 
A?    69.16|-3i?      73.  i|-iof  fof  3f? 


74.  Divide  each  dividend  in  the  above  problems  from 
62  to  73  by  f;  by  f. 

75.  Divide   each   divisor  in   the  above  problems  from 
62  to  73  by  f;  by  f. 

76.  Divide  f  +  f-  by  f  —  f . 

77.  Divide  2^—14-  by  f  of  2£  X  f. 

78.  Divide  6J  X  3|  by  4|  --  5£. 


PRINCIPLE  AND  RULE. 

Art.  100.  Principle. —  The  quotient  of  two  fractions 
equals  the  dividend  multiplied  by  the  reciprocal  of  the  divisor. 

*-!  =  *xf. 

Art.  101.     To  divide  a  fraction  by  a  fraction: 

Rule. — Invert  the  terms  of  the  divisor,  and  multiply  the 
numerators  together  and  also  the  denominators. 

Notes. — 1.  Since  the  quotient  of  two  fractions  having  a  com- 
mon denominator  equals  the  quotient  of  their  numerators  (f  -4-  f 
=  6-^3),  a  fraction  may  be  divided  bv  a  fraction  by  first  reduc- 
ing them,  to  equivalent  fractions  with  a  common  denominator,  and  then 
Minding  the  numerator  of  the  dividend  by  the  numerator  of  the  divisor. 
See  First  Bonk  of  Arithmetic,  p.  112. 

2.  Since  the  multiplying  of  both  dividend  and  divisor  by  the 
same  number  does  not  change  the  quotient,  a  fraction  may  be 
divided  by  a  fraction  by  multiplying  both  dividend  and  divisor  by  the 
least  common  multiple  of  the  denominators  of  the  fractions  and  then  divid- 
ing the  resulting  dividend  by  the  resulting  divisor.  Thus,  f  -4-  f  =  f  X 
12-i-f  X12  =  9-^8  =  H;  and  6f  -f-  5£  =  6f  X  6  -f-5£  X6  =  40-^- 
33  =  l/g.  Compound  fractions  should  be  first  reduced  to  simple 
fractions. 

3.  It  is  not  necessary  that  the  pupil  be  made  equally  familiar 
with  the  different  methods  of  dividing  one  fraction  by  another. 
He  should  thoroughly  master  one  method. 
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COMPLEX  FRACTIONS. 

Art.  102.  A  complex  fraction  is  an  expressed  divis- 
ion, the  numerator  being  the  dividend  and  the  denom- 
inator the  divisor.  It  is  reduced  to  its  simplest  form 
by  performing  the  division  as  expressed.     Thus : 

_5 4    ^_   6    AVI.  14 

Reduce  to  the  simp /est  form: 

i  ±      5.  m.     9.  till.    13.  i±*. 

25  foff  f-A 


A 


f  «    25 


9. 

foff 

*off 

10. 

I  of  2\ 

5i 

11. 

foff 

5 
TT 

19 

A 

14. 


f-* 


24  16J  5i  j  +  f 


1^  191  3    ftf   4  7.5 

I  I 

8.  -  -.       12.  -        -.     16.  -i-s-i- 

8*  12i  4  of  H  It 

Note. — A  complex  fraction  may  be  changed  to  a  fraction  with 
integral  terms  by  multiplying  both  of  its  terms  by  the  least  common 
multiple  of  the  denominators  of  its  fractions.  (Art.  101,  note  2.)  Com- 
pound fractions  must  first  be  reduced  to  simple  fractions.  Each 
of  the  above  problems  may  be  solved  by  this  method. 


17.  How  many  village  lots,  each  containing  f  of  an 
acre,  can  be  sold  from  a  tract  containing  15  acres? 

18.  The  product  of  two   numbers   is  6§,  and   One  of 
the  numbers  is  21 :  what  is  the  other  number  ? 

19.  By  what  number  must    f   be   multiplied  to  give 
26|  as  a  product? 

20.  If  a  family  use  f  of  a  barrel  of  flour  in  a  month, 
how  long  will  2 J  barrels  last?     9-J-  barrels? 
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21.  If  a   bushel   of  corn   cost  $f,  how  many  bushels 
can  be  bought  for  $6£?     For  $4J?     For  $9f? 

22.  If  13   yards   of  silk   cost  $17-^,   how  many  yards 
can  be  bought  for  $48f  ?     For  $50?     For  $62!? 

23.  If  a  man  walk  3T37  miles  an  hour,  in  how  many 
hours  will  he  walk  20^  miles?     30-f  miles? 

24.  At  $33^  an  acre,  how  many  acres  of  land  can  be 
bought  for  $841§?     For  $4208^? 


NUMBERS  PARTS  OF  OTHER  NUMBERS. 

ORAL     PROBLEMS. 

1.  If  J   of  a   barrel   of  flour   cost   $3,    what   will   a 
barrel  cost? 

2.  If  J  of  a  ream  of  note  paper  cost  75  cents,  what 
will  a  ream  cost? 

3.  Charles   gave   Henry  7  marbles,  which  were  \  of 
all  he  had :  how  many  marbles  had  Charles  ? 

4.  15  is  £  of  what  number? 

5.  16  is  TV  of  what  number? 

6.  12J  is  !  of  what  number? 

7.  16|  is  yV  of  what  number? 

8.  22|  is  i  of  what  number? 

9.  24  is  |  of  what  number? 

Solution.— If  24  is  §  of  a  number,  \  of  it  is  %  of  24,  which  ifi 
12,  and  |  of  it  is  5  times  12,  which  is  60.     24  is  f  of  60. 

10.  27  is  f  of  what  number? 

1 1.  45  is  -j%  of  what  number  ? 

12.  64  is  A  of  what  number? 

13.  27 \  is  f  of  what  number? 

14.  46}  is  T97  of  what  number? 

15.  37£  is  f  of  what  number? 

16.  87i  is  jZj  of  what  number? 
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17.  45  is  -f  of  how  many  times  9? 

18.  63  is  J  of  how  many  times  12? 

19.  80  is  A  of  how  many  times  20? 

20.  108  is  ff  of  how  many  times  15  ? 

21.  What  part  of  4  is  1?     What  part  of  4  is  3? 

22.  What  part  of  6  is  5  ?     9  is  8?     12  is  6? 

What  part  of: 

23.  11  is  7?    16  is  12?    20  is  15?     18  is  12? 

24.  21  is  7?    32  is  8?    27  is  9?    30  is  15? 

25.  39  is  13?    72  is  18?    25  is  15?    90  is  60? 

26.  fisi?     |  is  4?    fiBf?    i  is  |? 

27.  4  is  4?    |  is  |?    fisf?    AM*    Hfcf* 

28.  3  is  |?    4  is  f ?     10  is  f ?     8  is  f  ?     10  is  f? 

29.  164-  is  54?    334  is  6f?    374-  is  124?    33J  is  16}? 

30.  64  is  3|?    54  is  2f  ?    2J  is  34?    6J  is  16|? 

Art.  103.  To  find  what  part  one  number  is  of  an- 
other : 

Rule.—  Divide  the  number  denoting  the  part  by  the  num- 
ber denoting  the  whole. 

Note.— Only  like  numbers  can  be  compared. 

REVIEW     PROBLEMS. 

ORAL     PROBLEMS. 

1.  A  boy  having  SJ  gave  Sf  for  a  knife:  how  much 
money  had  he  left? 

2.  If  #  be  added  to  a  certain  fraction,  the  sum  will 
be  -^ :  what  is  the  fraction  ? 

3.  A  laborer  spends  §  of  his  wages  for  board  and  4 
for  clothing :  what  part  has  he  left  ? 

4.  A  man  did  4  of  a  piece  of  work  the  first  day,  -J 
of  it  the  second  day,  4  of  it  the  third  day,  and  the  re- 
mainder the  fourth  day :  what  part  of  the  work  did  he 
do  the  fourth  day? 
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5.  A  man  bought  a  farm,  paying  f  of  the  price  down,  J 
of  it  the  first  year,  ^  the  second  year,  and  the  remainder 
the  third  year :  what  part  did  he  pay  the  third  year  ? 

6.  A  man  is  42  years  of  age,  and  -f-  of  his  age  equals 
the  age  of  his  son :   how  old  is  the  son  ? 

7.  A  man  bought  a  cow  for  $33J,  and  sold  her  for  £ 
of  what  she  cost :  how  much  did  he  lose  ? 

8.  If  a  yard  of  velvet  cost  $84,  what  will  f  of  a  yard 
cost  ?     |  of  a  yard  ?    f  of  a  yard  ? 

9.  Jane's  age  is  16f  years,  and  Mary's  age  is  f  of 
Jane's:  how  old  is  Mary? 

10.  A  man  owning  |  of  a  mill  sold  f  of  his  share: 
what  part  of  the  mill  did  he  sell?  What  part  had  he 
left? 

1 1.  Charles  bought  f  of  a  pound  of  candy  and  gave 
his  sister  f  of  a  pound,  and  his  playmate  f  of  what 
remained:  what  part  of  a  pound  had  he  left? 

12.  A  wife  is  35  years  of  age,  and  her  age  is  -f-  of  the 
age  of  her  husband:  how  old  is  her  husband? 

1 3.  The  difference  between  -J  and  f  of  a  certain  num- 
ber is  14:  what  is  the  number? 

14.  A  farmer  sold  50  sheep,  wdiich  were  -f  of  his  flock: 
how  many  sheep  had  he  before  the  sale? 

15.  When  Charles  is  f  older  than  he  now  is,  he  will 
be  21  years  of  age :  how  old  is  he  ? 

1 6.  A  farmer  sold  f  of  his  farm  for  $1645 :  at  this 
rate,  what  was  the  value  of  the  farm  ? 

1 7.  A  man  sold  -f-  of  his  farm  and  had  64  acres  left  : 
how  many  acres  had  he  at  first? 

18.  A  man  sold  a  horse  for  $90,  which  was  -J-  more 
than  it  cost  him :  what  was  the  cost  of  the  horse  ? 

19.  A  lady  paid  $30  for  a  cloak,  which  was  -f-  more 
than  she  paid  for  a  dress :  what  was  the  cost  of  the  dress  ? 

20.  f  of  42  is  tV  of  what  number? 

21.  A  man  is  45  years  old,  and  -J  of  his  age  is  f  of 
the  age  of  his  wife :  how  old  is  his  wife  ? 
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22.  Samuel  is  f  as  old  as  Charles,  and  Harry,  who  is 
9  years  old,  is  f  as  old  as  Charles :  how  old  are  Charles 
and  Samuel? 

23.  A  man  gave  $150  for  a  watch  and  chain,  and  the 
chain  cost  f-  as  much  as  the  watch :  what  did  each  cost  ? 

24.  If  to  A's  age  there  be  added  §  and  f  of  his  age, 
the  sum  will  be  62  years:  what  is  A's  age? 

25.  A  farmer's  sheep  are  in  4  fields ;  the  first  contains 
|  of  all,  the  second  },  the  third  J,  and  the  fourth  52 
sheep :  how  many  sheep  in  the  4  fields  ? 

26.  A  harness  cost  $35,  and  -f-  of  the  cost  of  the 
harness  was  equal  to  f  of  the  cost  of  a  saddle  and 
bridle:  what  was  the  cost  of  the  saddle  and  bridle? 

27.  If  to  f  of  a  man's  age  15  years  be  added,  the  sum 
will  be  f  of  his  age :  how  old  is  he  ? 

28.  The  distance  from  Cleveland  to  Columbus  is  138 
miles,  |-|  of  which  is  f  of  the  distance  from  Columbus 
to  Cincinnati :  what  is  the  distance  from  Columbus  to 
Cincinnati  ? 

29.  -f-  is  f  of  what  number  ?     3-J  is  -§-  of  what  number  ? 

30.  If  |  of  the  value  of  a  house  equal  f  of  the  value 
of  a  lot,  and  the  value  of  both  is  $4400,  what  is  the 
value  of  each  ? 

31.  If  -J  of  A's  money  equal  -f-  of  B's,  and  both  to- 
gether have  $340,  how  much  has  each? 

32.  If  |  of  A's  age  is  f  of  B's,  and  B's  age  is  20  years, 
what  is  the  age  of  each? 

33.  If  -f-  of  a  yard  of  velvet  cost  12},  what  will  f  of 
a  yard  cost?    f  of  a  yard?     1^  yards? 

34.  How  many  pounds  of  honey,  at  $f  a  pound,  can 
be  bought  for  $3?     For  $4^?     For  $6? 

35.  How  many  bushels  of  apples,  at  $f  a  bushel,  can 
be  bought  for  $12?     For  $15?     For  $16}? 

36.  If  a  barrel  hold  2f  bushels,  how  many  barrels 
will  be  required  to  pack  22  bushels  of  apples?  33 
bushels?    55  bushels? 


REVIEW  PR0BLE3IS.  79 

37.  If  oi  lb.  of  sugar  cost  SI,  how  much  will  16 J  lb. 
cost?    33  1b.?    38^  lb.?    49^  lb.? 

38.  If  f  of  a  yard  of  silk  cost  $1|,  how  many  yards 
can  be  bought  for  $8  ?     For  $10  ?     For  &9§  ? 

39.  If  3|  yards  of  cloth  cost  $5£,  what  will  6  yards 
cost?     6|  yards?     10  yards?    20  yards? 

40.  If  a  train  of  cars  run  f  of  a  mile  in  1-f-  minutes, 
how  many  miles  will  it  run  in  6f  minutes?  lOf  min- 
utes?    15  minutes?     30  minutes? 

4  \  If  4  pounds  of  coffee  cost  $f,  what  will  6  pounds 
cost?     10  pounds?    7  pounds?     12  pounds? 

42.  If  12^-  tons  of  hay  will  feed  5  horses  a  year,  how 
many  tons  will  feed  8  horses  a  year?     12  horses? 

43.  If  a  rod  5  feet  long  casts  a  shadow  8^  feet  long, 
what  is  the  length  of  a  pole  whose  shadow,  at  the  same 
time  of  day,  is  17^-  feet? 

44.  If  3  men  can  do  a  piece  of  work  in  lOf  days, 
how  long  will  it  take  8  men  to  do  it?     12  men? 

45.  If  a  barrel  of  flour  will  supply  12  persons  4f 
weeks,  how  long  will  it  supply  7  persons  ?     10  persons  ? 

46.  A  can  do  a  job  of  work  in  12  days,  and  B  in  10 
days:  how  long  will  it  take  both  to  do  it? 

47.  A  and  B  can  do  a  certain  work  in  8  days,  and 
A  can  do  it  in  12  days:  in  what  time  can  B  do  it? 

48.  A  and  B  can  mow  a  field  in  6  days,  and  A  can 
mow  it  in  10  days:  what  part  6i  the  field  can  each 
mow  in  1  day?  How  long  will  it  take  B  to  mow  the 
field? 

49.  How  is  the  value  of  a  proper  fraction  affected  by 
adding  the  same  number  to  both  of  its  terms?  By 
subtracting  the  same  number?  (Illustrate,  taking  the 
fraction  f.) 

50.  How  is  the  value  of  an  improper  fraction,  greater 
than  1,  affected  by  adding  the  same  number  to  both  of 
its  terms?  By  subtracting  the  same  number?  (Illus- 
trate, taking  f.) 
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WRITTEN     PROBLEMS. 

51.  Add  f,  |,  A  of  A,  and  &£. 

52.  From  |  of  1£  take  f  of  |A. 

53.  From  the  sum  of  27f  and  20J  take  their  differ- 
ence. 

54.  Multiply  f|  by  35;  35  by  |f ;  f|  by  flf ;  3J  by  2* 

55.  Divide  if  by  32;  32  by  H;  M  by  ^  4i  by  3|. 

56.  H  +  T75=what?     H-A?    HXA?     Ti-i7^ 

57.  Multiply  2045$  by  35;  806  by  84f;  30^  by  16|. 

58.  Divide  347f  by  15;  692  by  21f;  19 J-  by  16f. 

59.  A  farm  is  divided  into  five  fields,  containing  re- 
spectively 21|  A.,  34|  A.,  45$  A.,  56f  A.,  and  29J  A. : 
how  many  acres  in  the  farm? 

60.  There  are  30 J  sq.  yd.  in  a  square  rod :  how  many 
square  rods  in  786J  sq.  yd.  ?     In  998J  sq.  yd.  ? 

61.  A  man  travels  5|  miles  an  hour:  how  long  will 
it  take  him  to  make  a  journey  of  75|  miles? 

62.  At  $8f  a  ton,  how  many  tons  of  hay  can  be 
bought  for  $52?     For  $90?     For  $108±? 

63.  If  T\  of  an  acre  of  land  cost  $68,  what  will  8 
acres  cost?     12f  acres?    20f  acres? 

64.  If  |  of  a  yard  of  velvet  cost  83-f- ,  how  many  yards 
can  be  bought  for  $1964?     For  $393|? 

65.  If  a  number  be  diminished  by  -f-  of  -^|  of  itself, 
the  remainder  will  be  69 :  what  is  the  number  ? 

66.  A  pedestrian  walked  ^  of  his  journey  the  first 
day,  f  of  it  the  second  day,  and  then  had  24  miles  to 
travel:  how  long  was  the  journey? 

67.  A  man  pays  $350  a  year  for  house  rent,  which  is 
J-f  of  his  income:  what  is  his  income? 

68.  A  man  bequeathed  to  his  wife  $4860,  which  was 
J-f  of  his  estate :  what  was  the  value  of  his  estate  ? 

69.  A  graded  school  enrolls  208  boys,  and  ^  of  the 
pupils  are  girls :  how  many  pupils  in  the  school  ? 


REVIEW  PROBLEMS.  81 

70.  A  man  owning  f  of  a  ship,  sells  -f  of  his  share  for 
$3480:  at  this  rate,  what  is  the  value  of  the  ship? 

71.  A  owning  f  of  a  mill,  sold  f  of  his  share  to  B, 
and  i  of  what  he  then  owned  to  C  for  8460 :  what  part 
of  the  mill  did  C  buy?  What  was  the  value  of  the 
mill  at  the  rate  of  C's  purchase? 

72.  A  owns  TV  of  a  section  of  land ;  B,  -Jg-  of  a  sec- 
tion;  and  C,  f  as  much  as  both  A  and  B:  what  part 
of  a  section  does  C  own  ? 

73.  A  bought  |  of  a  factory,  and  sold  f  of  his  share 
to  B,  and  f  of  his  share  to  C :  what  part  of  the  factory 
did  A  then  own  ? 

74.  A  and  B  together  own  396  acres  of  land,  and  f  of 
A's  farm  equals  f  of  B's :  how  many  acres  does  each  own  ? 

75.  A  stock  of  goods  is  owned  by  three  partners,  A 
owning  -§,  B  fy,  and  C  the  remainder;  the  goods  were 
sold  at  a  profit  of  $6160:  what  was  each  partner's  share? 

76.  |  of  a  stock  of  goods  was  destroyed  by  fire,  and  f 
of  the  remainder  was  damaged  by  water,  and  the  unin- 
jured goods  were  sold  at  cost  for  $5280:  what  part  of  the 
goods  was  sold  ?     What  was  the  cost  of  the  entire  stock  ? 

77.  A  man  paid  ■§•  of  his  money  for  a  farm,  ^  of  what 
remained  for  repairs,  ^  of  what  then  remained  for  stock, 
£  of  what  then  remained  for  utensils,  and  then  had  left 
$650:  what  part  had  he  left?  How  much  money  had 
he  at  first? 

78.  A  merchant-tailor  has  67|  yards  of  cloth,  from 
which  he  wishes  to  cut  an  equal  number  of  coats, 
pants,  and  vests :  how  many  of  each  can  he  cut  if  they 
contain  3J,  2f,  and  1|  yards  respectively? 

79.  An  estate  was  divided  between  two  brothers  and 
a  sister;  the  elder  brother  received  f  of  the  estate,  the 
younger  ^  and  the  sister  the  remainder,  which  was 
$450  less  than  the  elder  brother  received :  what  part  of 
the  estate  did  the  sister  receive?  What  was  the  value 
of  the  estate?     What  was  each  brother's  share? 
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NUMERATION  AND  NOTATION 

L  If  a  unit  be  divided  into  ten  equal  parts,  what 
is  one  part  called? 

2.  If  a  tenth   of  a  unit   be  divided   into  ten  equal 
parts,  what  is  one  part?     What  is  -^  of  TV? 

3.  If  a  hundredth   of  a   unit   be    divided    into   ten 
equal  parts,  what  is  one  part?    What  is  ^  of  y^? 

4.  What   part  of  a  tenth   is  a   hundredth?     What 
part  of  a  hundredth  is  a  thousandth  ? 

5.  How  do   the  fractions  ^$,  yJo-,  and  y^Vfr  compare 
with  each  other  in  value?     j^,  j^q,  and  — L 


Art.  104.  Since  the  fractional  units,  tenths,  hun- 
dredths, thousandths,  etc.,  decrease  in  value  like  the 
successive  orders  of  integers,  they  can  be  expressed  on 
a  scale  of  ten.  This  is  done  by  extending  the  orders  to 
the  right  of  units,  and  calling  the  first  fractional  order 
tenths,  the  second  hundredths,  the  third  thousandths,  etc., 
and  placing  a  period  at  the  left  of  the  order  of  tenths. 
Thus,  i^  is  written  .5;  jfo  is  written  .05;  y-^  is 
written  .005,  etc. 

Copy  and  read: 

6.  7.  8.  9.  10.  11. 

.4  .03  .002  .06  .07  .005 

.7  .05  .004  .006  .004  .4 

.6  .08  .006  .08  .8  .07 

.9  ,09  .007  .5  .09  .009 

12.  How  many  tenths  and  how  many  hundredths  in 
5?    In  .45?    .63?    .78?    .84?    .69?    .39? 

(82) 


.25? 
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13.  How  many  tenths,  hundredths,  and  thousandths 
in  .325?     .246?    .307?    .405?     .056?     .407?     .075? 

14.  How  many  tenths,  hundredths,  and  thousandths 
in  .045?    In  .407?    .008?    .065?    .607?    .325? 

Art.  105.  When  the  right-hand  figure  of  a  decimal 
denotes  hundredths,  the  whole  decimal  denotes  hun- 
dredths, and  when  the  right-hand  figure  denotes  thou- 
sandths, the  whole  decimal  denotes  thousandths.  Thus, 
.25  is  read  25  hundredths;   .325   is  read   325  thousandths. 

15.  How  many  hundredths  in  ^?    yfo?     .34?    .42? 

16.  How  many  thousandths  in  r^?  .325?  .065? 
.205?    .008?    .046?    .608?    .078? 


Copy  ai 

id  read: 

17. 

18. 

19. 

20. 

21. 

.15 

.016 

.245 

.8 

.007 

.42 

.024 

.354 

.63 

.038 

.36 

.045 

.403 

.086 

.462 

.50 

.083 

.587 

.369 

.507 

.06 

.007 

.067 

.504 

.45 

.09 

.072 

.308 

.675 

.807 

Art.  106.  When  fractions  denoting  tenths,  hun- 
dredths, thousandths,  etc.,  are  expressed,  like  integers, 
on  the  decimal  scale,  they  are  said  to  be  expressed  or 
written    decimally. 


24.  25,  26. 

two"  t¥(f  two 

two"  iifo  tWj 

iVo  0'  TT0  TT0T5 

TWO  roW  TFbTF 

504  106  5 

1000  1000  TT5TFT5 


Write 

decimally  : 

22. 

23. 

A 

1000' 

A 

rcoir 

6 

roir 

14 

uroiF 

nro" 

ToU" 

nro~ 

To~0~ 

84 
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27.  What   is  the  name   of  the   third   decimal   order? 
The  fourth?     The  fifth?     The  sixth? 

28.  What  does  each  significant  figure  of  .0034  denote  ? 
Of  .00275  ?    Of  .03405  ?    Of  .000325  ?    Of  .030056  ? 


Copy  and  read: 

29. 

30. 

31. 

32. 

.246 

.0635 

.00647 

.0307 

.0246 

.00635 

.000647 

.03007 

.708 

.3464 

.04056 

.030007 

.0708 

.03464 

.004056 

.034005 

.3425 

.32875 

.32453 

.450605 

Art.  107.  When  a  decimal  fraction  is  expressed 
decimally,  the  right-hand  figure  is  written  in  the  order 
indicated  by  the  name  of  the  decimal.  Thus 
is  written  .00325 


3  2  5 


Write  decimally, 
33. 

TITO 
To~0~ 


1000 

28 
1000 

3  56 
1000 


34. 


TTOTO" 

3  3 

10000 

405 
T0  0TT0 

3  04  2 
10000 

5  0  0  7 
TOTOTF 


35. 

100000" 
3  7 

Tooooo 

208 
10000~0 

3  056 
100000 

3  8  0  4  5 
100000 


36. 


TO"  TO 


609 
1000000 


4  0  4  5 
1000000 


3  3  0  3 
10000 


204  0_5  fi 
10000017 


Wnte  decimally: 

37. 
7  tenths. 
24  hundredths. 
29  thousandths. 
405  thousandths. 
65  millionths. 
5064  millionths. 
40056  millionths. 


38. 

42  ten-thousandths. 
506  ten-thousandths. 
4008  ten-thousandths. 
65  hundred-thousandths. 
6007  hundred-thousandths. 
54008  hundred-thousandths. 
3004  hundred-thousandths. 
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39.  Eighty-five  thousandths. 

40.  Four  hundred  seven  thousandths. 

41.  Ninety-five  ten-thousandths. 

42.  Six  hundred  forty-four  ten-thousandths. 

43.  Seven  thousand  eighty-two  ten-thousandths. 

44.  Fifty-seven  hundred-thousandths. 

45.  Seven  hundred  eight  hundred-thousandths. 

46.  Nine  thousand  forty-eight  hundred-thousandths. 

47.  Six  hundred  four  millionths. 

48.  Seven  thousand  six  hundred  forty-three  millionths. 

49.  Forty  thousand  sixty-three  millionths. 

Art.  108.  An  integer  and  a  decimal  may  be  written 
together  as  one  number,  as  6.5;  25.07;  48.137.  In  read- 
ing such  mixed  decimal  numbers,  the  integer  and  the 
decimal  are  connected  by  and.  Thus,  4.5  is  read  4  and 
5  tenths. 

50.  Read  45.6;  30.25;  204.045;  84.0307 

51.  Read  2005.045;  408.00075:  3040.0046;  50060.00705 

52.  Read  400.045;  500.0063;  7000.0084;  60000.00006 

Suggestion. — In  such  cases  read  the  integer  as  units;  as,  four 
hundred  units  and  forty-five  thousandths.  The  word  units  should 
be  inserted  whenever  its  omission  changes  the  mixed  decimal  to 
a  pure  decimal,  or  causes  ambiguity.    See  Art.  116. 

53.  Read  5600.0084;  40508.0307;  75000.000605 

54.  Read  300000.000003;  35000000.000035 

55.  Write  decimally  56^;  604^5  400^^. 

56.  Write  decimally  207r(JMoo;  2560^-^^^. 

57.  Write  decimally  three  hundred  units  and  three 
hundred  forty-eight  millionths. 

58.  Write  decimally  two  thousand  nine  hundred  units 
and  twenty-nine  millionths. 

59.  Write  decimally  two  thousand  nine  hundred 
twenty-nine    millionths. 
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DEFINITIONS,  PRINCIPLES,  AND   RULES. 

Art.  109.  A  Decimal  Fraction  is  one  or  more  of  the 
decimal  parts  of  a  unit. 

It  results  from  the  division  of  a  unit  into  tenths,  a  tenth  into 
hundredths,  a  hundredth  into  thousandths,  etc.,  called  the  decimal 
division.  The  division  of  a  unit  into  any  number  of  equal  parts  is 
a  common  division,  and  the  resulting  fraction  is  a  common  fraction 
(Art.  74).    Decimal  fractions  are  a  class  of  common  fractions. 

The  denominator  of  a  decimal  fraction  is  10  or  some 
product  of  10's  as  factors ;   as,  10,  100,  1000,  etc. 

Art.  110.  Decimal  fractions  may  be  expressed  in 
three  ways: 

1.  By  words;  as,  three  tenths,  twelve  hundredths. 

2.  By  writing  the  denominator  under  the  numerator, 
in  the  form  of  a  common  fraction ;  as,  t3q,  -^V 

3.  By  omitting  the  denominator  and  writing  the  frac- 
tion in  the  decimal  form;  as,  .3,  .12;  the  denominator 
being  understood. 

Note. — Three  tenths,  T3o,  and  .3  express  the  same  decimal  frac- 
tion, which  is  the  thing  expressed,  and  not  its  expression.  A  deci- 
mal fraction  can  be  expressed  orally,  and  is  so  expressed  when 
read  or  dictated.  When  a  decimal  fraction  is  expressed  in  words, 
written  or  oral,  the  denominator  is  necessarily  given.  It  is  an  error 
to  teach  that  a  decimal  fraction  depends  on  its  expression  with 
a  decimal  point  and  without  its  denominator.  This  is  called  the 
decimal  form,  since  only  decimal  fractions  can  be  thus  written.  A 
decimal  fraction  may  or  may  not  be  expressed  in  figures,  and  it 
may  or  may  not  be  written  in  the  decimal  form. 

Art.  111.  The  Decimal  Point  is  a  period  placed  at  the 
left  of  the  order  of  tenths,  to  designate  the  decimal  orders. 

Art.  112.  A  Complex  Decimal  is  a  decimal  ending 
at  the  right  with  a  common  fraction;  as,  .6f,  .033^. 

Art.  113.  A  Mixed  Decimal  is  an  integer  and  a 
decimal  written  together  as  one  number;  as,  7.5,  8.25. 
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ART.  114.  The  orders  on  the  left  of  the  decimal 
point  are  integral,  and  those  on  the  right  are  decimal. 
The  decimal  orders  are  also  called  Decimal  Places. 

The  following  table  gives  the  names  of  several  inte- 
gral and  several  decimal  orders,  and  shows  the  relation 
between   them : 

0? 

1  S    d  .  |    3         *    § 

=     2  c     e  5  •     »    ^     o  S    — 

?  1      s  I  ,-  „  £      I  §  a  3  ,,  §  a 

7,      S       03      "C       2       C      *°  fl       e       3      fl      ■"      -      B 


a 


S      « 


000000000.   00000000 


Integral  Orders.  Decimal  Orders. 

Art.  115.  Principles. — 1.  The  value  of  the  successive 
decimal  orders  decreases  from  left  to  right  and  increases  from 
right  to  left  in  the  same  manner  as  integral  orders.     Hence, 

2.  The  removal  of  a  decimal  figure  one  place  to  the  right 
divides  its  value  by  10,  and  its  removal  one  place  to  the  left 
multiplies  its  value  by  10. 

3.  The  name  of  a  decimal  is  the  same  as  the  name  of  its 
right-hand  order. 

Art.  116.     1.  To  read  a  decimal: 

Rule. — Read  it  as  if  it  were  an  integer,  and  add  the 
name  of  the  right-hand  order. 

Notes. — 1.  A  decimal  is  read  precisely  as  it  would  be  were 
the  denominator  expressed. 

2.  In  reading  a  mixed  decimal,  the  word  "units"  should  be 
supplied  if  its  omission  would  render  the  meaning  ambiguous. 
300.006  should  be  read  three  hundred  units  and  six  thousandths. 

3.  While  "and"  must  be  used  to  connect  the  integral  and 
decimal  parts  of  a  mixed  decimal,  it  may  also  be  used  to  con- 
nect the  parts  of  an  integer  (Art.  22,  note" 2)  and  also  of  a  pure 
decimal.  Thus,  .306  may  be  read  three  hundred  six  thousandths  or 
three  hundred  and  six  thousandths.  The  latter  is  common  usage 
but  the  former  is  preferred  by  many  teachers. 
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2.  To  write  a  decimal: 

Eule. —  Write  the  numerator,  and  so  place  the  decimal  point 
that  the  right-hand  figure  shall  stand  in  the  order  denoted  by 
the  name  of  the  decimal. 

Notes. — 1.  When  the  number  does  not  fill  all  the  decimal 
places,  supply  the  deficiency  by  prefixing  decimal  ciphers. 

2.  Pupils  should  be  taught  to  write  decimals  by  first  making 
the  decimal  point,  and  then  filling  the  successive  orders  from 
left  to  right,  with  ciphers  or  significant  figures,  as  may  be  re- 
quired. Suppose,  for  example,  that  the  decimal  to  be  written  is 
2312  millionths.  Since  millionths  is  the  sixth  decimal  order,  and 
the  numerator  of  the  decimal  contains  only  four  figures,  it  is 
seen  that  there  will  be  two  orders  to  fill  with  ciphers,  thus: 
.002312.    The  decimal  may  thus  be  written  from  left  to  right. 


WRITTEN     EXERCISES. 

Write  decimally: 

60.  Two  hundred  five  ten-thousandths. 

61.  Forty  thousand  thirty-four  millionths. 

62.  Two  thousand  four  hundred-thousandths. 

63.  Six  hundred  fifteen  ten-millionths. 

64.  Six  hundred  units  and  fifteen  ten-thousandths. 

65.  Fifteen  units  and  fifteen  thousandths. 

66.  Three  hundred   thousand  three  hundred  thirteen 
hundred-millionths. 

67.  Five  million  eighty-five  ten-millionths. 

68.  Twelve  hundred-thousandths. 

69.  Four  hundred  units  and   four  hundred   sixty-five 
millionths. 

70.  Twenty-five  units  and  twenty-five  thousandths. 

71.  Five  thousand  units  and  five  thousandths. 

72.  Three  hundred  seventy-five  units  and  three  hun- 
dred seventy-five  billionths. 

73.  Thirty  thousand  units  and  forty-six  hundred-thou- 
sandths. 

74.  One  million  forty-five  billionths. 

75.  Eighty  thousand   forty  units  and   three   hundred 
gix  ten-thousandths. 
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76.  Fifteen  thousand  units  and  fifteen  ten-thousandths. 

77.  Seventy-five   units   and  five   thousand  forty-three 
millionths. 

78.  One  million  units  and  one  millionth. 

79.  Fifteen  million  units  and  fifteen  millionths. 


REDUCTION  OF  DECIMALS. 

CASE     I. 
DECIMALS  REDUCED  TO   LOWER  OR  HIGHER  ORDERS. 

L  How  many  tenths  in  6  units?    7  units?    9  units? 
15  units?    22  units?    25  units? 

2.  How  many  hundredths  in  5  tenths?    In  .6?    .8? 
.7?    .3?    .4?    .9? 

3.  How  many  thousandths   in   .06?     In   .24?     .47? 
.55?    .37?    .63?    .75?    .85? 

4.  How  many  tenths  in  .60?    .90?    .600?    .700? 

5.  How  many  hundredths  in  .240?     In  .420?     .5600? 

WRITTEN     PROBLEMS. 

6.  Reduce  .875  to  millionths. 

process  :  .875  =  .875000 

7.  Reduce  .0674  to  millionths;  to  ten-millionths. 

8.  Reduce  .075  to  hundred-thousandths ;  to  millionths. 

9.  Reduce  62.7  to  ten-thousandths;  to  hundred-thou- 
sandths. 

1 0.  Reduce  5.33  to  ten-thousandths ;  to  ten-millionths. 

1 1.  Reduce  3.  to  hundredths ;  to  ten-thousandths. 

12.  Reduce  45.  to  ten-thousandths;  to  millionths. 

13.  Reduce  .04500  to  thousandths. 

process:  .045 00  =  .045 

14.  Reduce  5.24000  to  hundredths;  to  thousandths. 
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Art.  117.  Principles. — 1.  Annexing  ciphers  to  a  deci- 
mal fraction  multiplies  both  of  its  terms  by  the  same  number, 
and  hence  reduces  it  to  a  lower  order  without  changing  its 
value.     (Art.  83.) 

2.  Cutting  off  ciphers  from  the  right  of  a  decimal  fraction 
divides  both  of  its  terms  by  the  same  number,  and  hence  re- 
duces it  to  a  higher  order  without  changing  its  value.  (Art. 
80.) 

Note. — The  annexing  of  decimal  ciphers  to  an  integer  does 
not  change  its  value.  Thus,  12.  =  12.0,  or  12.00 ;  that  is,  12 
units  =  120  tenths  =  1200  hundredths,  etc 


CASE     II. 
DECIMALS  REDUCED  TO   COMMON  FRACTIONS. 

15.  How  many  fifths  in  ^?     T<v?     .2?     .8? 

16.  How   many   fourths   in   ^ft?     ^fr?     ^?    .25? 

17.  How  many  twentieths  in  ^?    ^?    .20?    .25? 

WRITTEN     PROBLEMS. 

18.  Reduce  .625  to  a  common  fraction    in   its   lowest 
^erms 

process  :  .625  =  flft  =  ff  =  f ,  An*. 

Reduce  to  common  fractions  in  lowest  terms: 


19.  .225 

25.  .004 

31.  62.025 

20.  .75 

26.  .5625 

32.  37.625 

21.  .075 

27.  .0125 

33.  56.37i 

22.  .0625 

28.  .3525 

34.  247.33J 

23.  .1625 

29.  3.525 

35.  16.66| 

24.  .2250 

30.  37.75 

36.  214.00^ 

Art.  118. 

To  reduce  a  decimal  to  a  coi 

nmon  fraction : 

Rule. — Omit  the  decimal  point  and  supply  the  denomino> 
tor,  and  then  reduce  the  fraction  to  its  lowest  terms. 
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CASE     III. 
COMMON  FRACTIONS  REDUCED   TO   DECIMALS. 

2  ?        3  ? 


i? 


37.  How  many  tenths  in  -J?     In 

38.  How  many  hundredths  in  J?     f?     |?     -f? 

39.  How  many  hundredths  in  5V?    A?    JL? 


40.  How  many  hundredths  in  -^ 


_4_? 

25  * 


25 


11  ? 
2  0  * 

12  ? 

2T  f 


WRITTEN     PROBLEMS. 

41.  Change  yf-  to  a  decimal. 

process.  Since  annexing   decimal  ciphers  to  a 

number  does  not  change  its  value  (Art. 
117,  note),  T|3  =  3.000  -s- 125  ==  .024.  Or, 
Multiplying  both  terms  of  T|3  by  1000 
gives  xf§o§o>  and  dividing  both  terms  of 
yf -!o<b  hy  125  (the  denominator  of  Tf^) 
gives  T$tT  =  .024 


125)3.000(.024,.4»s. 
2  50 
500 
500 


Reduce  to  decimal  fractions: 


42. 

1 

48.  || 

43. 

A 

49.  H 

44. 

/  0 

50.  &, 

45. 

25 
32 

51.  A 

46. 

64 

1  2T 

52.  A 

47. 

8<L 
1  2  7 

53.  dfc 

54. 

13 
40 

55. 

4T0" 

56. 

?2A 

57. 

T251 

58. 

T5~0" 

59. 

* 

60.  ^ 

62.  TW 

63.  12^ 

64.  26^ 

65.  37H 


Art.  119.     To  reduce  a  common  fraction  to  a  decimal: 
Rule. — Annex  decimal  ciphers  to  the  numerator  and  divide 

by  the  denominator,  and  point  off  as   many   decimal  places 

in  the  quotient  as  there  are  annexed  ciphers. 

Notes. — 1.  When  a  sufficient  number  of  decimal  places  is  ob- 
tained, the  remainder  may  be  discarded,  or  the  quotient  may  be 
expressed  as  a  complex  decimal. 

2.  When  the  denominator  of  a  common  fraction  in  its  lowest 
terms  contains  other  prime  factors  than  2  and  5,  the  process  will 
not  terminate. 
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3.  "When  the  quotient  repeats  the  same  figure,  or  the  same  set 
of  figures,  as  in  problems  60,  61,  and  62,  it  is  called  a  Repeating 
Decimal,  or  a  Circulating  Decimal,  and  the  figure  or  figures  re- 
peated are  called  a  Repetend. 


ADDITION  OF  DECIMALS. 

1.  Add  16.25,  48.037,  90.0033,  and  .864 

process.  Since  only  like  orders  can  be  added  (Art. 

1625  28),  write  the  figures  of  the  same  order  in 

the  same  column.     Since  ten  units  of  any 

order  equal  one  unit  of  the  next  higher 

order,   begin   at   the  right  and   add  as  in 

•"k*  simple  numbers.     Place  the  decimal  point 

155.1543,  Atis.  at  the  left  of  the  tenths'  order. 


48.037 
90.0033 


2.  Add  .375,  80.06,  45.0084,  .00755,  and  84.635 

3.  Add  84.08,  16.075,  2.9,  1.96,  1.003,  and  5.0008 

4.  Add  $15.34,  $65,048,  $9,083,  $12.,  816.66},  $18.06, 
$95.37^,  and  $35.75 

5.  Add  26.37i,  19.08-J,  23.042$,  38.5,  6.00J,  and  7^. 

6.  Add  256  thousandths,  3005  millionths,  207  ten- 
thousandths,  34  ten-millionths,  604  hundred-millionths, 
and  94  hundred-thousandths. 

7.  Add  fifteen  thousandths,  eighty-one  ten-thou- 
sandths, fifty-six  millionths,  seventeen  ten-millionths, 
and  two  hundred  five  hundred-thousandths. 

8.  How  many  rods  of  fence  will  inclose  a  field,  the 
four  sides  of  which  are  respectively  46.6  re}.,  50.65  rd., 
24.331  rd.,  and  27  rd.  ? 

9.  Five  bars  of  silver  weigh  respectively  .75  lb.,  1.15 
lb.,  .86J  lb.,  1.34  lb.,  and  .9  lb. :  what  is  their  total 
weight  ? 

10.  The  usual  average  amount  of  rain  in  San  Fran- 
cisco in  the  winter  months  is  11.25  inches;  in  the 
spring,  8.81  inches ;  in  the  summer,  .03  inches ;  and  in  the 
autumn,  2.75  inches :  what  is  the  amount  for  the  year  ? 


SUBTRACTION  OF  DECIMALS. 
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Art.  120.     To  add  decimals: 

Rule. — 1.  Write  the  numbers  so  that  figures  of  the  same 
order  shall  stand  in  the  same  column. 

2.  Add  as  in  the  addition  of  integers,  and  place  the  deci- 
mal point  at  the  left  of  the  tenths'  order  in  the  amount. 

Note. — If  a  complex  decimal  does  not  contain  as  many  deci- 
mal places  as  either  of  the  other  numbers,  change  the  terminal 
common  fraction  to  a  decimal,  and  continue  the  division  until 
the  requisite  number  of  decimal  places  is  secured. 


SUBTRACTION  OF  DECIMALS. 


1.  From  47.625  take  28.7 


1st  process. 
47.625 

28.700 


18.925 


2d  process. 
47.625 
28.7 
18.925 


2.  From  46.7  take  29.825 


1st  process. 
46.700 
J29.8_2_5 
16.875 


ZD    PROCESS. 

46.7 
29.825^ 

16.875 


Since  only  like  numbers  can 
be  subtracted,  write  the  num- 
bers so  that  figures  of  the 
same  order  shall  stand  in  the 
same  column ;  and  since  ten 
units  of  any  decimal  order 
equal  one  unit  of  the  next 
higher  order,  subtract  as  in 
simple  numbers.  Place  the 
decimal  point  at  the  left  of 
the  tenths'  order. 

A  comparison  of  the  two 
processes  shows  that  it  is  un- 
necessary to  fill  the  vacant 
orders  with  ciphers. 


4.05  take  2.0075 


.6J  take  .0087^ 


3.  From  7.245  take  4.09 

4.  From  .062  take  .0056 

5.  From  2.04  take  .0078;  12.  take  .0005 

6.  From  six  tenths  take  six  thousandths. 

7.  From   forty- four  thousandths   take  forty-four  mill- 
ionths. 

8.  From  301  ten-thousandths  take  4005  millionths. 

9.  From  50065  ten-millionths  take  1307  billionths. 


94  WHITE'S  NEW  COMPLETE  ARITHMETIC. 

10.  From  seven  thousand  forty-five  millionths  take 
three  thousand  seven  hundred  six  ten-millionths. 

1 1.  From  eight  hundred  fifty-six  ten-thousandths  take 
five  thousand  six  hundred  sixteen  millionths. 

12.  A  man  walked  33.7  miles  the  first  day  and  28.75 
miles  the  second :  how  much  farther  did  he  walk  the 
first  day  than  the  second? 

13.  The  usual  average  amount  of  rain  at  Cincinnati 
in  the  summer  months  is  13.7  inches,  and  in  the  win- 
ter months  it  is  11.15   inches:   what  is   the  difference? 

14.  The  mean  height  of  the  barometer  at  Boston  is 
29.934  inches,  and  at  Pekin  it  is  30.154  inches:  what  is 
the  difference? 

Art.  121.     To  subtract  decimals: 

Rule. — 1.  Write  the  numbers  so  that  figures  of  the  same 
order  shall  stand  in  the  same  column. 

2.  Subtract  as  in  the  subtraction  of  integers,  and  place 
the  decimal  point  at  the  left  of  the  tenths'  order  in  the 
difference. 

MULTIPLICATION  OF  DECIMALS. 

1.  How  much  is  7  times  -j1^?     7  times  3%?    8  times 
^?    9  times  y\? 

2.  How   much   is   8   times   y^?     8   times   yfo?     6 
times  yfo? 


3.  What  is  the  product   of^Xro?    AXA?    A 

XA'    tV x tq  1 

4.  What  is  the  product  of  ^X  tfor?    to  X  jh  ? 

5.  What  is  the  product  of  ^  by  ^  ?    rh  by  rh>  ? 

6.  What  is  the  denominator  of  the  product  when 
tenths  are  multiplied  by  units?  Tenths  by  tenths? 
Tenths   by  hundredths?     Hundredths  by   hundredths? 

7.  What  is  the  denominator  of  the  product  of  any 
two  fractions  whose  denominators  are  powers  of  10? 
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WRITTEN    PROBLEMS. 

8.  Multiply  .625  by  .23. 

PROCESS. 

625  .625  =  T6o2o%,  and   .23=-T2o3<>,  and  hence   .625X.23  = 

'  .23  to¥o  X  i\\  =  tVoWo  =  -14375.    Thousandths  multiplied 

"  by  hundredths  produce  hundred-thousandths,  and  hence 

'°  the   product    contains  five  decimal  places,  or  as  many 


as  both  of  the  factors. 


14375 


Multiply: 

9.      6.5  by  .75  14.  4.36  by  .27  19.  .085  by  30. 

10.  .043  by  6.o  15.     64.  by  .032  20.  2.56  by  250. 

11.  .0432  by  5.4  16.  30.3  by  .018  21.  3.24  by  .33$ 

12.  .048  by  24.  17.  .056  by  24.  22.  5.75  by  8| 

13.  5.6  by  .056  18.    50.  by  .08  23.  16}  by  .045 

24.  Multiply  sixteen  thousand  by  sixteen  thousandths. 

25.  Multiply  205  millionths  by  46  thousandths. 

26.  Multiply  the   multiplicand  in   each   of  the   above 
problems,  from  9  to  23  inclusive,  by  .015;  by  2.04. 

27.  Multiply  6.25  by  10;  by  100. 

process.  Since  the  removal  of  a  decimal  figure 

6  95  X  10   =  62  5         one  Place  t0  tne  left  multiplies  its  value 

6  25  X  100=625         by  10  ^Art*  115'  Pr"  2^'  the  removal  of 
the  decimal  point  one  place  to  the  right 

multiplies  6.25  by  10,  and  the  removal  of  the   point  two  places 

to  the  right  multiplies  6.25  by  100. 

28.  Multiply  3.406  by  100;  by  1000;  by  10000. 

29.  Multiply  .00048  by  1000;  by  100000. 

30.  Multiply  .0000256  by  10000;  by  1000000= 

31.  Multiply  ,000405  by  2500;  by  16000. 

32.  Multiply  .0001006  by  1800 ;  by  9000. 
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PRINCIPLE  AND  RULES. 

Art.  122.  Principle. —  The  number  of  decimal  places  in 
the  product  equals  the  number  of  decimal  places  in  both  factors. 

Art.  123.     1.  To  multiply  one  decimal  by  another: 
Rule. — Multiply  as  in  the  multiplication  of  integers,  and 
point  off  as  many  decimal  places  in  the  product  as  there  are 
decimal  places  in  both  multiplicand  and  multiplier. 

Note.— If  there  be  not  enough  decimal  figures  in  the  product, 
supply  the  deficiency  by  prefixing  decimal  ciphers. 

2.  To  multiply  a  decimal  by  10,  100,  1000,  etc. : 

Rule. — Remove  the   decimal  point   as  many  places   to  the 

right  as  there  are  ciphers  in  the  multiplier. 

Note. — If  there  be  not  enough  decimal  places  in  the  product, 
supply  the  deficiency  by  annexing  ciphers. 

DIVISION  OF  DECIMALS. 

L  How  many  times  are  5  tenths  contained  in  10 
tenths  ?     7  tenths  in  35  tenths  ?     8  tenths  in  48  tenths  ? 

2.  How  many  times  are  7  hundredths  contained  in 
21  hundredths?    7  hundredths  in  35  hundredths? 

&WhatisA-A?    ,%-tIo?    t^-tWo? 

4.  What  is  .8-*- .4?    .21-S-.07?    .084 --.012? 

fi     What     i<a    -1_ -= 6       ?         12_^_       6       ?         15  15      9 

o.    >viid,b    ib   10    .   yq"oo  •      Too    •   To" oU  •      Too    •    1000  * 
Suggestion.— Reduce  the  fractions  to  thousandths. 

6.  What  is  .3  --.15?     .25 --.125?     .12 --.012? 

7.  Of  what  order  is  the  quotient  when  tenths  are 
divided  by  tenths  ?  Hundredths  by  hundredths  ?  Thou- 
sandths by  thousandths? 

8.  Of  what  order  is  the  quotient  when  any  order  is 
divided  by  a  like  order?  When  any  number  is  di- 
vided by  a  like  number? 


DIVISION  OF  DECIMALS.  9? 


WRITTEN    PROBLEMS. 


9.  Divide  8.05  by  .35 


PROCESS. 

.35)8.05(23.    Ans.  35  hundredths    are    contained    in   805 

7  0  hundredths,  a  like  number,  23  times,  and 

~TZ^  hence    8.05  -s-  .35  =  23.     The    quotient    is 

_105 
10.  Divide  80.5  by  .35 

PROCESS. 

,35)80.50(230.,  Ans.  By  annexing   a    decimal   cipher   to 

70  80.5,  which   does  not  change  its  value 

(Art.  117),  the  dividend  and  divisor 
are  made  like  numbers,  and  hence 
their  quotient  is  units. 


10  5 
10  5 


00 
1 1.     Divide  .805  by  .35 

PROCESS. 


Since    .35    and   .80,  the    first   partial 

.35). 805(2. 3,  Ans.  dividend,   are  like   numbers,   the   first 

*V  quotient  figure   (2)  denotes  units;  and 

105  if  the   first   figure    denotes   units,   the 

105  second  must  denote  tenths. 


The  pointing  in  all  cases  in  the  division  of  decimals  may 
also  be  explained  on  the  principle  that  the  dividend  is  the 
product  of  the  divisor  and  quotient,  and  hence  it  must  contain  as 
many  decimal  places  as  both  divisor  and  quotient. 

In  the  9th  example,  the  divisor  and  dividend  contain  an 
equal  number  of  decimal  places,  and  hence  there  are  no  decimal 
places  in  the  quotient. 

In  the  10th  example,  the  divisor  contains  one  more  decimal 
place  than  the  dividend,  and  hence  a  decimal  cipher  must  be 
added  to  the  dividend  before  the  division  is  possible. 

In  the  11th  example,  the  divisor  contains  two  decimal  places, 
and  the  dividend  three,  and  hence  the  quotient  contains  one 
decimal  place. 

N.C.A.-T. 
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Divide : 

12. 

32.4  by  1.8 

25. 

6.241  by  .0079 

13. 

2.56  by  .64 

26. 

67.5  by  .075 

14. 

.288  by  .036 

27. 

.675  by  75. 

15. 

82.5  by  2.75 

23. 

6.75  by  750. 

16. 

62.5  by  .025 

29. 

256.  by  .075 

17. 

9.  by  .45 

30. 

.256  by  250. 

18. 

4.53  by  .0302 

31. 

.0025  by  50. 

19. 

.3  by  .0125 

32. 

25.  by  .00125 

20. 

.625  by  12.5 

33. 

.001  by  100. 

21. 

.0256  by  .32 

34. 

100  by  .001 

22. 

17.595  by  8.5 

35. 

.045  by  900. 

23. 

3.3615  by  12.45 

36. 

813.50  by  S.37J 

24. 

.031812  by  4.82 

37. 

$12.  by  S.06i 

38.  Divide  the  dividend  in   each  of  the  above  prob- 
lems,  from  12  to  24  inclusive,  by  .25 ;  by  200. 

39.  Divide   the   dividend  in   each   of  the  above  prob- 
lems, from  25  to  37  inclusive,  by  1.25;  by  2000. 

40.  Divide   twenty-four   thousandths   by  sixteen  mill- 
ionths. 

41.  Divide  seventy-eight   by  thirty-four   thousandths. 

42.  Divide  fifteen  millionths  by  six  hundredths. 

43.  Divide  45.7  by  10;  by  100. 

peocess.  Since  the  removal  of  a  decimal  figure 

45  7  _i_    10  =r  4.57  one  Place  to  the  right  divides  its  value 

^ry_i_-jQQ Arrj  by    10    (Art.  115,    Pr.   2),    the    removal 

of  the  decimal  point  one  place  to  the 
left  divides  a  decimal  by  10,  and  the  removal  of  the  point  two 
places  to  the  left  divides  it  by  100. 

44.  Divide  483.75  by  100;  by  1000;  by  10000. 

45.  Divide  54.50  by  100;  by  10000;  by  1000. 

46.  Divide  .005  by  10;  by  100;  by  1000. 

47.  Divide  62.5  by  500 ;  by  5000 ;  by  25000. 

48.  Divide  172.8  by  600;  by  3600;  by  9000. 


DIVISION  OF  DECIMALS. 


PRINCIPLES   AND   RULES. 


Art.  124.  Principles. — 1.  Since  the  dividend  is  the 
product  of  the  divisor  and  quotient,  it  contains  as  many 
decimal  places  as  both  divisor  and  quotient.     Hence, 

2.  The  quotient  mud  contain  as  many  decimal  places  as 
the  number  of  decimal  places  in  the  dividend  exceeds  those 
in  the  divisor. 

Art.  125.     1.  To  divide  one  decimal  by  another: 

Rule. — Divide  as  in  the  division  of  integers,  and  point  off 
as  many  decimal  places  in  the  quotient  as  the  number  of 
decimal  places  in  the  dividend  exceeds  the  number  in  the 
divisor. 

Notes. — 1.  When  the  divisor  and  dividend  contain  the  same 
number  of  decimal  places,  the  quotient  is  units. 

2.  The  dividend  must  contain  at  least  as  many  decimal  places 
as  the  divisor  before  division  is  possible,  and  hence  when  the 
divisor  contains  more  decimal  places  than  the  dividend,  supply 
the  deficiency  in  the  dividend  by  annexing  decimal  ciphers. 

3.  When  the  quotient  has  not  enough  decimal  figures,  supply 
the  deficiency  by  prefixing  decimal  ciphers. 

4.  When  there  is  a  remainder,  the  division  may  be  continued 
by  annexing  ciphers,  each  cipher  thus  annexed  adding  one 
decimal  place  to  the  dividend.  Sufficient  accuracy  is  usually  se- 
cured by  carrying  the   division  to  three   or  four  decimal  places. 

2.  To  divide  a  decimal  by  10,  100,  1000,  etc. : 

Rule. — Remove  the  decimal  point  as  many  places  to  the 
left  as  there  are  ciphers  in  the  divisor. 


REVIEW     PROBLEMS. 


1.  Reduce  y-f-  to  a  decimal. 

2.  Reduce  2570o  to  a  decimal. 

3.  Change  .325  to  a  common  fraction. 

4.  Change  .0045  to  a  common  fraction. 
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5.  From  the  sum  of  67.5  and  .54  take  their  difference. 

6.  From  the  sum  of  64.5  and  .015  take  their  product. 

7.  Multiply  6.25  +  .075  by  6.25  —  .075 

8.  Divide  .0512  by  .032  X  .005 

9.  From  25.6  -*-  .064  take  32.4  X  .015 

10.  Divide  $5.33  X  2.5  by  .075 

11.  What  is  (.08i  X  1.2J)  -*-  (.0061  x  .016)  ? 

12.  Multiply  15  millionths  by  7  millions. 

13.  Divide  16  ten-millionths  by  25  thousandths. 

14.  Divide  205  millions  by  41  ten-thousandths. 

15.  The   product  of  three   decimals  is  .0189,  and    one 
of  them  is  .54  and  another  2.5 :  what  is  the  third  ? 

Note. — United  States  money  will   furnish  numerous  practical 
problems  involving  the  use  of  decimals. 


UNITED   STATES  MONET. 

Art.  126.  The  denominations  of  United  States  money, 
used  in  business  and  accounts,  are  dollars,  cents,  and 
mills — mills  being  used  only  in  making  calculations. 

A  dollar  equals  100  cents,  and  a  cent  equals  10  mills. 

Art.  127.  The  first  two  figures  at  the  right  of  dol- 
lars denote  cents,  and  the  third  figure  denotes  mills. 
The  two  figures  denoting  cents  express  hundredths  of  a 
dollar,  and  the  figure  denoting  mills  expresses  tenths  of 
a  cent,  or  thousandths  of  a  dollar. 

The  three  figures  denoting  cents  and  mills  may  be  read  to- 
gether as  so  many  thousandths  of  a  dollar. 

Art.  128.  The  figures  denoting  dollars  are  preceded 
by  the  dollar  sign,  $,  and  they  are  separated  from  those 
denoting  cents  by  a  decimal  point,  called  a  separatrix, 
Thus,  S24.354  is  read  twenty-four  dollars  thirty-five  cents 
four  mills. 
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Notes. — 1.  United  States  Money  consists  of  Coin  and  Paper 
Money.  Coin  is  called  Specie  Currency,  or  Specie,  and  paper 
money  is  called  Paper  Currency. 

2.  The  principal  gold  coins  are  the  double  eagle  ($20),  eagle 
($10),  half-eagle,  quarter-eagle,  and  dollar. 

The  silver  coins  are  the  dollar,  half-dollar,  quarter-dollar,  and 
dime.  The  smaller  coins  are  the  five-cent  piece,  three-cent  piece, 
two-cent  piece,  and  cent.  The  first  two  coins  are  made  of  cop- 
per and  nickel,  and  the  last  two  of  bronze,  which  is  an  alloy  of 
copper,  tin,  and  zinc. 

3.  Gold  and  silver  coins  are  alloyed  to  make  them  harder  and 
more  durable.  The  gold  coins  contain  9  parts  of  gold  and  1 
part  of  copper ;  and  the  silver  coins  contain  9  parts  of  silver  and 
1  part  of  copper.  Nickel  and  copper  coins  are  made  in  the  pro- 
portion of  1  part  nickel  to  3  parts  copper.  The  bronze  coins  are 
19  parts  copper  and  1  part  tin  and  zinc. 

4.  Paper  money  consists  of  notes  issued  by  the  United  States, 
called  Treasury  Notes,  and  bank  notes  issued  by  banks. 


NOTATION  AND  REDUCTION. 

1.  Express  in  words,  $75.50;  $105.08;  $5;  $.87^;  $.375 

2.  Express  in  words,  $37.507 ;  $250,075;  $80,005;  $.075 

3.  Read  decimally,  $70.25;  $140.05;  $387.60;  $105,805 

4.  Read  decimally,  $.255;  $16,455;  $300.05;  $475,005 

WRITTEN    PROBLEMS. 

5.  Write,  in  figures,  ten  dollars  fifty  cents. 

6.  Write  forty  dollars  sixty  cents  five  mills. 

7.  Write  100  dollars  37  cents  4  mills. 

8.  Write  25  dollars  6  cents  5  mills ;  50  cents  8  mills 

9.  Write  75  cents  6  mills ;  6  cents  5  mills ;  10  mills. 

10.  How  many  cents  in  $25?     $100?     $350? 

11.  How  many  mills  in   $47?     $150?     $.75?     $.625? 

12.  How  many  cents  in  $5.37?     $16.85?     $40.08? 

13.  How  many  mills  in  $.37|?    $4.62^?    $10?    $1.01? 

14.  Reduce  1500  cents  to  dollars. 

15.  Reduce  15000  mills  to  dollars. 

16.  Reduce  450  mills  to  cents;  $25.08  to  mills. 

17.  Reduce  $100.01  to  cents;  $10.10  to  mills. 
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ADDITION  AND  SUBTRACTION 

ORAL    PROBLEMS. 

1.  A  man  paid  $7.50  for  a  pair  of  boots,  and  $5.50 
for  a  hat:  how  much  did  he  pay  for  both? 

2.  A  lady  paid  $15  for  a  shawl,  $5.75  for  a  hat,  $2.25 
for  a  pair  of  gloves,  and  $4  for  a  pair  of  gaiters :  what 
was  the  amount  of  her  purchases? 

3.  A  drover  bought  cows  at  $36.50  a  head,  and  sold 
them  at  $40  a  head:  how  much  did  he  gain? 

4.  A  man  bought  a  coat  for  $24.25,  and  a  vest  for 
$4.50,  and  handed  the  merchant  three  $10  bills:  how 
much  money  did  he  receive  back? 

5.  A  mechanic  earns  $20  a  week,  and  his  family  ex- 
penses amount  to  $16.75  a  week:  how  much  has  he  left? 

6.  A  book-seller  bought  a  set  of  maps  for  $17,  and  a 
set  of  charts  for  $6.50,  and  sold  both  sets  for  $28.50 : 
how  much  did  he  gain? 


WRITTEN     PROBL  EMS. 

7.  What   is  the  sum   of  $.65,   $15.44,    $60.62$,  $100, 
$94.05,  85.065,  $50.37$,  $625,  and  $.87$? 

8.  From  $100.15  take  $62.37$. 

9.  To  the  sum   of  $308.60   and   $190,125   add  their 
difference. 

10.  From  the  sum  of  $2750  and  $1680. 62$  take  their 
difference. 

1 1.  A  merchant's  sales  for  a  week  were  as  follows : 
Monday,  $125.60;  Tuesday,  $98.50;  Wednesday,  $190.30; 
Thursday,  $215;  Friday,  $175.80;  Saturday,  $247.90: 
what  was  the  amount  of  his  sales  for  the  week? 

12.  A  farmer's  sales  in  one  year  were  as  follows  s 
wheat,  $460.50;  corn,  $387.85;  oats,  $96.25;  hay,  $137.65; 
and  stock,  $340.75.     What  was  the  amount  of  his  sales? 
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13.  A  man  exchanged  three  city  lots,  valued  respect- 
ively at  $900,  81200,  and  $750,  for  a  farm  valued  at 
$3075,  paying  the  difference  in  money:  how  much 
money  did  he  pay? 

14.  A  man  receiving  a  salary  of  $1600  a  year,  pays 
$325  for  house  rent,  $450.80  for  provisions,  $200.60  for 
clothing,  and  $245  for  all  other  expenses:  how  much 
has  he  left? 

15.  A  man  deposits  in  a  bank,  at  different  times, 
$75,  $230.80,  8180.40,  and  $95;  and  he  draws  out,  at 
different  times,  $40,  887.50,  $331.45,  $20.15,  and  $18.60: 
what  is  his  bank  balance? 

Art.  129.     To  add  or  subtract  sums  of  money : 

Rule. —  Write  units  of  the  same  denomination  in  the  same 
column,  add  or  subtract  as  in  simple  numbers,  and  separate 
dollars  and  cents  by  a  decimal  point,  and  prefix  the  dollar 
sign. 

THE  ADDING  OF   LEDGER  COLUMNS. 

Art.  130.  A  Ledger  is  a  book  in  which  business 
men  keep  a  summary  of  accounts. 

The  items  on  a  ledger  page  often  make  long  columns  of  fig- 
ures, which  are  added  (footed)  with  absolute  accuracy. 

Many  accountants  write  the  partial  footings,  obtained  by  add- 
ing the  successive  columns  or  double  columns,  on  a  separate 
piece  of  paper.  This  permits  the  re-adding  of  any  column,  or  set 
of  columns,  as  the  case  may  be,  without  the  trouble  of  re-adding 
the  preceding  columns,  and  it  also  avoids  the  defacing  of  the 
ledger  page  by  corrections. 

Let  the  pupil  foot  the  following  ledger  columns  by 
adding  two  columns  at  a  time  (Art.  23),  being  as  care- 
ful to  obtain  accurate  results  as  he  would  be  in  actual 
business : 
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16. 

17. 

18. 

19. 

$1.25 

$19.50 

$75.50 

$1912.88 

8.14 

20.00 

184.30 

806.40 

2.75 

12.45 

111.10 

1000.00 

.65 

14.52 

43.95 

1250.86 

.75 

25.48 

263.55 

943.82 

8.37 

40.50 

100.00 

607.55 

12.50 

8.60 

90.00 

400.33 

4.65 

9.35 

7.15 

148.67 

.83 

.65 

13.48 

249.50 

7.16 

.73 

2.75 

2040.00 

10.28 

.84 

52.30 

4508.70 

1.20 

12.10 

900.25 

3406.30 

.95 

.86 

625.80 

1280.75 

.48 

.93 

314.87 

1300.00 

13.47 

2.95 

64.50 

877.77 

23.00 

14.63 

49.87 

620.14 

_3.08 

9.82 

302.58 

8.60 

6.15 

20.60 

10.10 

7.45 

24.92 

19.30 

100.98 

13.33 

.83 

22.33 

78.60 

286.45 

.92 

9.81 

44.50 

1300.80 

.45 

8.76 

79.88 

1440.00 

14.86 

12.57 

320.65 

986.70 

5.80 

18.19 

19.10 

87.80 

7.26 

7.63 

8.50 

137.40 

12.00 

14.60 

436.75 

1500.00 

5.00 

4.85 

135.20 

885.73 

4.37 

9.63 

44.88 

236.40 

6.45 

12.83 

65.90 

13483.86 

17.83 

18.10 

6.01     • 

11456.20 

2.65 

7.63 

7.83 

88.00 

1.50 

2.20 

4.22 

24.30 

6.15 

7.25 

8.42 

106.75 

12.36 

3.67 

1.68 

46.24 
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20.  Copy    and    add    the   upper   half  of  16   and   the 
upper  half  of  17  together  as  one  example. 

21.  Copy  and  add  the  lower  half  of  16  and  the  lower 
half  of  17  together  as  one  example. 

22.  Copy    and    add    the    upper    half   of    18   and    the 
upper  half  of  19  together  as  one  example. 

23.  Copy  and  add  the  lower  half  of  18  and  the  lower 
half  of  19  together  as  one  example. 


MULTIPLICATION  AND  DIVISION. 

ORAL     PROBLEMS. 

1.  A   mechanic   earns   $2.50   a  day :  how  much  will 
he  earn  in  6  days?     10  days?     20  days? 

2.  What    will    8   barrels    of    flour    cost,   at    $7.25    a 
barrel?     At  $6.50?     At  $6.25?     At  $7.50? 

3.  What  will   10  yards   of  carpeting  cost,  at  $1.75  a 
yard?     At  $1.25?     At  $1.50?     At  75  cts.? 

4.  A  drover  paid  $38.70  for  9  sheep :  what  did  they 
cost  apiece? 

5.  A  man  paid   $42  for  8  tons   of  coal :   what  did  it 
cost  per  ton? 

6.  If  a  man  earn  $39  in   6  days,  how  much  will  he 
earn  in  5  days?     In  10  days?    20  days?    8  days? 

7.  At  25    cents    a   dozen,  how  many  dozens   of  eggs 
can  be  bought  for  $4.50?     For  $5?    $6?    $8? 

WRITTEN     PROBLEMS. 

8.  A    farmer   sold    45    hogs,  at    $22.45    apiece:    how 
much  did  he  receive  for  them? 

9.  A    miller   sold  237    pounds    of  flour,  at   $7.62|  a 
barrel :  how  much  did  he  receive  ? 

10.  A  man  sold  a  farm  of  260  acres,  at  $33^  per  acre* 
what  was  the  amount  received? 
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1 1.  A  farm  containing  125  acres  was  sold  for  $5093.75 : 
what  was  the  price  per  acre? 

12.  How  many  chairs,  at  $1.25  apiece,  can  be  bought 
for  $80?     For  $75?     For  $100? 

13.  At  $12.37}  a  ton,  how  many  tons  of  hay  can  be 
bought  for  84653?     For  $1163.25? 

14.  A  farmer  sold  3  hogs,  weighing  respectively  278, 
309,  and  327  pounds,  at  $.07}  a  pound :  how  much  did 
he  receive? 

15.  A  farmer  sold  in  one  year  536  pounds  of  butter, 
at  30  cts.  a  pound ;  1200  pounds  of  cheese,  at  16|  cts. ; 
and  19  tons  of  hay,  at  $8.75  a  ton :  how  much  did  he 
receive  ? 

16.  A  grocer  bought  540  pounds  of  coffee  for  $81, 
and  420  pounds  of  tea  for  $525 ;  he  sold  the  coffee  at 
18  cts.  a  pound,  and  the  tea  at  $1.60  a  pound:  how 
much  did  he  gain? 

Art.  131.  1.  To  multiply  or  divide  sums  of  money 
by  an  abstract  number: 

Rule. — Multiply  or  divide  as  in  simple  numbers,  separate 
dollars  and  cents  in  the  result  by  a  decimal  point,  and  prefix 
the  dollar  sign. 

2.  To  divide  one  sum  of  money  by  another* 

Rule. — Reduce  both  numbers  to  the  same  denomination, 
and  divide  as  in  simple  numbers. 


ALIQUOT  PARTS. 

Art.  132.  When  the  price  of  an  article  is  an  ali- 
quot part  of  a  dollar,  the  cost  of  any  number  of 
such  articles  may  be  found  more  readily  than  by 
multiplying. 
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The  aliquot  parts  of  a  dollar  commonly  used  in  business,  are : 
50  cts.  =  |  of  $1.00  12i  cts.  =  i  0f  §L00 

25    "     =  \  of    1.00  Q>\    "    =  T\  of     1.00 

20    "     =  \  of    1.00  331    «    =  i  of    1.00 

10    "     =  tl  of    1.00  16f    "    =  i  of    1.00 

The  following   aliquot  parts  of  aliquot  parts   of   a   dollar  are 
also  used  : 

25  cts.  =  \  of  50  cts.  16f  cts.=  \  of  33  \  cts. 

12£  "   —\  of  50    "  12i    «    =i  0f  25      " 

6|  "   =  $  of  50    "  6^    "    =|  of  25      " 


ORAL     PROBLEMS. 

17.  What  will  56  pounds  of  grapes  cost,  at  12 J  cts.  a 
pound  ? 

Solution.— At  $1  a  pound,  56  pounds  will  cost  $56,  and  at  12£ 
cts.,  which  is  \  of  $1,  56  pounds  will  cost  \  of  $56,  which  is  $7. 

18.  What  will  120  spellers  cost,  at  25  cts.  apiece?  At 
331  cts.?     At  16|  cts.?    At  20  cts.? 

19.  What  is  the  cost  of  96  dozens  of  eggs,  at  16f  cts. 
a  dozen  ?     At  20  cts.  ?     At  25  cts.  ?     At  33£  cts.  ? 

20.  What  will  240  pounds  of  sugar  cost,  at  12^  cts. 
a  pound?     At  16|  cts.?     At  20  cts.? 

21.  At  16|  cts.  a  dozen,  how  many  dozens  of  eggs 
can  be  bought  for  815? 

Solution. — At  16f  cents  a  dozen,  $1  will  buy  6  dozens  of  eggst 
and  $15  will  buy  15  times  6  dozens,  or  90  dozens. 

22.  At  12J  cts.  a  pound,  how  many  pounds  of  lard 
can  be  bought  for  $12?     For  $25?     For  $40? 

23.  How  many  pounds  of  butter,  at  33J  cts.  a  pound? 
can  be  bought  for  $15?     For  $33?    For    $40? 

24.  At  6\  cts.  a  quart,  how  many  quarts  of  currants 
can  be  bought  with  30  quarts  of  cherries,  at  10  cts.  a 
q uart  ? 
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WRITTEN    PROBLEMS. 

25.  What  will  348  yards  of  carpeting   cost,  at  81.624 
cts.  a  yard? 

PROCESS. 

$1,624  =  81+50  cts.  +  12J  cts. 

$348      =  cost  at  $1  a  yard. 
i  I  174       =    "     "    50  cts.  a  yard. 
\  1     43.50=    "     "    12|  " 

$565.50=    "     "  81.624 

26.  What  will  1600  bushels  of  oats  cost,  at  374  cts.  a 
bushel?     At  45  cts.  a  bushel?     At  624  cts.  ? 

27.  What  will  2464  bushels   of  wheat  cost,  at  SI. 25  a 
bushel?    At  81.374?    At  81.50?     At  SI. 624? 

28.  What  will  1250  yards  of  carpeting  cost,  at  31.374 
a  yard?    At  81.50?     At  81.25?     At  81.75?     At  81.874- 

29.  What  will  640  bottles  of  ink  cost,  at  874  cents  a 
bottle  ?     At  624  cts.  ?     At  50  cts.  ?     At  75  cts.  ? 

30.  At  25  cts.  a  dozen,  how  many  dozens  of  eggs  can 
be   bought  for   812?     For   825?     For  842?     For  8105? 

31.  At  33 J  cts.  a  yard,  how  many  yards  of  cloth  can 
be  bought  for  850?     For  875?     For  890?     For  8120? 

32.  What  will  5  lb.  10  oz,  of  butter  cost,  at  35  cts.  a 
pound  ? 

PROCESS. 

S  .35    =cost  of  1  lb. 


81.75   = 

u 

"  5  lb. 

.175  = 

U 

"   8  oz. 

(4  lb.) 

.044  = 

u 

"   2    " 

(i  lb.) 

81.969  = 

u 

"   5  lb. 

10  oz. 

33.  What  will  9  lb.  13  oz.  of  cheese  cost,,  at  15  cts.  a 
pound?     At  16  cts.?     At  18  cts.  ?     At  20  cts.  ? 

34.  What  will   16   gal.  3   qt.  of  sirup  cost,  at  8.90  a 
gallon?     At  81.10?     At  81.25?     At  81.624? 
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35.  What  will  7  bu.  3  pk.  4  qt.  of  cherries  cost,  at 
$4.25  a  bushel?     At  $3.50?     At  $4?     At  $4.50? 

Art.  133.  1.  To  find  the  cost  of  a  number  of  arti- 
cles when  the  price  is  an  aliquot  part  of  a  dollar : 

Rule. — Find  the  cost  at  $1,  and  take  such  part  of  the  re- 
sult as  the  price  is  of  $1. 

2.  To  find  the  number  of  articles  which  can  be  pur- 
chased for  a  given  sum  of  money  when  the  price  is  an 
aliquot  part  of  a  dollar: 

Rule. — Find  the  number  of  articles  that  can  be  purchased 
for  Si,  and  multiply  the  result  by  the  given  sum  of  money, 
considered   as  an   abstract  number. 


Art.    134.     Each    of  the    following   bills   should   be 
neatly  made  out  on  paper,  in  proper  form,  and  receipted : 


Thomas   Knight, 


1882. 


Cincinnati,  0.,  Jan.  1,  1883. 
Bought  of  Baker,  Smith  &  Co. 


Nov. 

18, 

48  lb.  Castile  Soap, 

@  16fc.  .     .     . 

$8 

00 

u 

a 

25   "     Starch, 

@     6J 

1 

56 

a 

30, 

65    "     Sugar, 

@  15  . 

9 

75 

u 

u 

33  gal.  Vinegar, 

@  20  . 

6 

60 

Dec. 

12, 

16  lb.  Rio  Coffee, 

@  23  . 

3 

68 

u 

u 

5   "     Star  Candles, 

@  20  . 

1 

00 

tt 

a 

56  "     Butter, 

@  33J 

18 

67 

U 

15, 

10   "     Cheese 

@  15  . 

1 

50 

Received  Payment, 


Baker,  Smith  &  Co. 
Per  Coons. 
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Cleveland,  O.,  Nov.  24,  1882. 
Dr.  William  Jones, 

To  Charles  C.  Wilhelm,  Dr. 

To  24  Days'  Work,         @  $2.75 $ 

"    21  lb.  Nails,  @         6J 

"  540  ft.  Pine  Lumber,®    2.50  per  C 

"      4  M.  Shingles,        @    4.33J 

$ 
Or. 

Oct.  16,  by  cash, $25 

"     23,    "       "       44 

Medical  Services  to  date, _15 

$ 

Received  payment,  by  due-bill,  $ 

Charles  C.  Wilhelm. 

What  is  the  amount  of  the  due-bill? 

3.  Mrs.  C.  B.  Jones  bought  of  Cole,  Steele  &  Co.,  of 
Indianapolis,  as  follows :  Nov.  12th,  1882,  23  yds.  muslin, 
@  16§  cts.. ;  45  yds.  sheeting,  @  12|  cts. ;  Dec.  7th,  12 
yds.  silk,  @  $1.62^;  8  handkerchiefs,  @  45  cts.;  2  pairs 
kid  gloves,  @  $1.37i;  6  neckties,  @  75  cts.  Make  out 
and  receipt  the  above  bill. 

4.  Daniel  Hough  bought  of  George  F.  Wheeler,  Co- 
lumbus, Ohio,  Jan.  15th,  1883,  45  lb.  of  sugar  at  11  cts., 
48  lb.  of  flour  at  41  cts.,  and  36  lb.  of  Rio  coffee  at  27 
cts. ;  Feb.  15th,  17  lb.  of  butter  at  28  cts.,  15  lb.  of  lard 
at  7 J  cts.,  36  lb.  of  ham  at  14  cts.,  8  lb.  of  cheese  at 
12|  cts.,  and  25  lb.  of  tea  at  95  cts.  Make  out  and 
receipt  this  bill  as  clerk  of  Mr.  Wheeler. 

5.  Luther  Day  bought  of  William  Taylor,  Lafayette, 
Ind.,  Sept.  10th,  1882,  7  tons  of  hard  coal  at  $6.45  per 
ton,  and  6  tons  of  soft  coal  at  $3.75;  Oct.  5th,  5  cords 
of  wood  at  $5.25 ;  Oct.  7th,  13  tons  hard  coal  at  $6.95 
per  ton,  20  tons  of  soft   coal  at  $4.10  per  ton,  and  16 
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bushels  of  charcoal  at  24  cts.  Mr.  Day  paid  Oct.  9th, 
$50,  Dec.  1st,  $75,  Dec.  10th,  $50,  Dec.  15th,  $25,  and 
the  balance  by  due-bill  Dec.  31st.  Make  out  and  receipt 
this   bill,  using  Bill  2  as  a  model. 

Note. — The  pupils  should  be  required  to  inake  out  original 
bills  until  they  are  able  to  complete  any  business  transaction 
involving  a  receipted   bill. 

DEFINITIONS. 

Art.  135  An  Account  is  a  record  of  business  trans- 
actions between  two  parties,  with  statements  of  debts 
and  credits. 

The  party  owing  the  debts  specified,  is  called  the  Debtor,  and 
the  party  to  whom  they  are  due,  is  called  the  Creditor. 

Art.  136.  A  Bill  is  a  written  statement  of  an  account. 
It  is  drawn  by  the  creditor  against  the  debtor,  and  gives 
the  time  and  place  of  the  transaction,  and  the  names 
of  the  parties. 

When  the  debtor  has  made  payments  on  the  account,  or  has 
charges  agrainst  the  creditor,  such  payments  or  charges  are  called 
Credits.    They  are  entered  as  in  Bill  2,  p.  110. 

Art.  137.  A  bill  is  receipted  by  writing  the  words 
"Received  Payment"  at  the  bottom,  and  affixing  the 
creditor's  name.  This  msiy  be  done  by  the  creditor,  or 
by  a  clerk,  agent,  or  any  other  authorized  person. 

If  the  debtor  is  r.ot  able  to  pay  a  bill  when  presented,  it  may 
be  accepted  by  wilting  the  word  "Accepted"  across  its  face,  with 
date  and  signature.  When  a  bill  is  paid  by  a  promissory  note 
or  due-bill,  the  fact  may  be  added  to  the  words  "Received  Pay- 
ment" as  in  Bill  2. 

Art.  138.  A  Bill  of  Goods  is  a  written  statement 
of  goods  sold,  with  the  amount  and  price  of  each  arti- 
cle, and  the  entire  cost.     It  is  also  called  an  Invoice* 
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MEASURES  OF   WEIGHT. 

AVOIRDUPOIS  WEIGHT. 


Art.  139.  Avoirdupois  Weight  is  used  in  weighing 
all  articles  except  gold,  silver,  and  the  precious  stones. 

The  denominations  are  ounces  (oz.),  pounds  (lb.),  hun- 
dred-weights (cwt.),  and  tons  (T.)- 


TABLE. 

16  oz.  =  1  lb. 
100  26.  =  1  cwt. 
20  cwt.  =  1  T. 

also: 
196  lb.  flour  =  1  barrel 
200  lb.  beef  =  1       " 


200  lb.  pork  —  1  barrel. 
100  lb.  fish  =  1  quintal. 
100  lb.  of  grain  =  1  cental. 
14  lb.  lead  or  iron  =  1  stone. 
56  lb.  corn  or  rye  =  1  bushel: 
60  lb.  wheat  =  1      " 
60  lb.  potatoes  =  1      :< 
32  Z6.  oate  =1      " 


Notes.— 1.  The  standard  avoirdupois  pound  contains  7000  troy 
grains. 

2.  At  the  United  States  custom  houses,  and  in  weighing  coal 
and  iron  at  the  mines,  the  ton  used  contains  2240  pounds.  It 
is  called  the  long  or  gross  ton. 

3.  The  dram  (T\  of  an  ounce)  is  seldom  used. 

4.  The  legal  weight  of  a  bushel  of  grain  or  potatoes  varies 
slightly  in  several  States  from  the  weight  given  above. 

5.  The  legal  weight  of  a  bushel  of  coal  varies  in  different 
States,  the  weight  being  from  70  to  80  pounds.  Coal  is  usually 
sold  by  the  ton. 

ORAL     EXERCISES. 

1.  How  many  ounces  in  2  pounds  ?    4  lb.  ?    25 J  lb.  ? 

2.  How  many  pounds  in  32  ounces  ?     48  oz.  ?     96  oz.  ? 

3.  How  many  pounds  in  2  cwt.  ?     3J  cwt.  ?     4f  cwt.  ? 

4.  How  many  cwt.  in  2|  tons?     3J  tons?    5J  tons? 

5.  How  many  pounds  in  5  bushels  of  wheat  ?    10J  bu.  ? 

6.  How  many  bushels  of  wheat  in  240  lbs.  ?     360  lbs.  ? 

(112) 
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7.  How  many  pounds  of  corn  in  5  centals?  6|  cen- 
tals?    7  centals?     8J-  centals? 

8.  How  many  bushels  of  oats  in  96  pounds  ?  160  lb.  ? 


TROY    WEIGHT. 

Art.  140.  Troy  Weight  is  used  in  weighing  gold, 
silver,  and  the  precious  stones. 

The  denominations  are  grains  (gr.),  pennyweights  (pwt.), 
ounces  (oz.),  and  pounds  (lb.). 

TABLE. 

24  gr.  —  1  pwt. 
20  pwt.  =  1  oz. 
12  oz.  =  1  lb. 

Notes. — 1.  In  weighing  diamonds,  the  unit  commonly  used  is 
the  carat,  which  is  3A  troy  grains  (nearly). 

2.  In  determining  the  fineness  of  gold,  it  is  considered  as  com- 
posed of  twenty-four  parts,  called  carats,  and  the  number  of 
carats  specified  is  the  number  of  twenty-fourths  of  pure  gold 
which  it  contains.  A  sixteen-carat  chain  contains  £f  of  pure  gold 
and  28¥  of  alloy. 

9.  How  many  ounces  of  gold  in  3  lb.  ?   4^  lb.  ?    J  lb.  ? 

10.  How  many  pounds  of  silver  in  48  oz.  ?     72  oz.  ? 

11.  How  many  pounds  troy  in  32  oz.  ?     80  oz.  ? 

1 2.  How  many  pennyweights  in  5  oz.  ?    3^  oz.  ?    4f  oz.  ? 

1 3.  How  many  ounces  in  40  pwt.  ?    60  pwt.  ?    90  pwt.  ? 

14.  How  many  grains  in  3  pwt.  ?     2^  pwt.  ?     3 J  pwt.  ? 


APOTHECARIES'   WEIGHT. 

Art.  141.  Apothecaries'  Weight  is  used  by  physi- 
cians in  prescribing,  and  by  apothecaries  in  mixing  and 
compounding,  medicines. 

The    denominations    are    grains    (gr.),    scruples    Q), 
drams  (3),  ounces  (£),  and  pounds  (lb.). 

N.  C.  A.— 8. 
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TABLE. 

20  gr.  =  1  9  apothecaries'  fluid  measure. 

3  9  =  13  60  minims  (rt\,)  =  1  dram,  f£. 

8  3  =  1  S  8/3  =  1  ounce, /^. 

12  §  =  1  to.  16/3  =  1  !*»<,  0. 

Note. — Medicines  are   bought  and  sold   in   quantities   by  av- 
oirdupois weight. 

1 5.  How  many  drams  in  3  ^  of  quinine  ?    2|  §  ?    4J  3  ? 

16.  How  many  scruples  in  4  drams?     7£  3?    8§  3? 

17.  How  many  grains  in  2  scruples?    5  9?     6|  9? 

18.  How  many  fluid  ounces  in  2  O.  ?    4  0.?    5  0.? 

19.  How  many  fluid  drams  in  3  /3?     4J/3? 


MEASURES  OF  CAPACITY. 


DRY    MEASURE. 

Art.  142.  Dry  Measure 
is  used  in  measuring  grain, 
fruit,  most  vegetables,  coal, 
and  many  other  dry  arti- 
cles. 

The  denominations  are 
pints  (pt.),  quarts  (qt.), 
pecks  (pk.),  and  bushels 
(bu.)- 

TABLE. 

2  pt.  =  1  qt. 
8  qt.  =  1  pjfe. 
4  p&.  =  1  6u. 

Notes. — 1.  The  standard  bush- 
el is  18|  inches  in  diameter 
and  8  inches  deep.  It  contains 
2150f  cubic  inches,  or  nearly 
\\  cubic  feet. 

2.  Grain,  potatoes,  coal,  etc., 
are  also  sold  by  weight.  See 
Art.  139. 


LIQUID  MEASURE. 

Art.  143.  Liquid  Meas- 
ure is  used  in  measuring 
liquids. 

The  denominations  are 
gills  (gi.),  pints  (pt.),  quarts 
(qt.),  and  gallons  (gal.). 

table. 

4  gi.  =  1  pt. 
2  pt.  =  1  qt. 
4  qt.  =  1  gal. 

Notes.— 1.  The  standard  liquid 
gallon  contains  231  cubic  inches. 
In  approximate  measurements, 
7£  gallons  are  allowed  to  the 
cubic  foot. 

2.  The  size  of  casks  for  liquids 
is  variable.  Barrels  contain  from 
30  to  40  gallons,  or  more.  The 
size  of  vats,  cisterns,  etc.,  is 
usually  estimated  in  barrels  of 
31^  gallons. 
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ORAL     EXERCISE  S 


1.  How  many  pints  in  2  quarts  ?    5  qt.  ?    12  qt.  ? 

2.  How  many  quarts  in  3  pecks  ?    5  pk.  ?     10  pk.  ? 

3.  How  many  pecks  in  16  quarts?     30  qt.  ?     44  qt. ? 

4.  How  many  quarts  in  8  pt.  ?    13  pt.  ?    21  pt.  ?    25  pt.  ? 

5.  How  many  pecks  in  3  bu.  ?    6J  bu.  ?     lOf  bu.  ? 

6.  How  many  bushels  in  36  pk?    41  pk.  ?     46  pk.  ? 

7.  How  many  gills  in  5  pints?    8  pt.  ?     10|  pt,  ? 

8.  How  many  quarts  in  4  gallons  ?     1\  gal.  ?     12|  gal.  ? 

9.  How  many  gallons  in  24  quarts?     30  qt.  ?     43  qt.  ? 

10.  How  many  pints  in  16  quarts?    20  qt.  ?     25J  qt.  ? 

11.  How  many  pecks  in  16  pints?    32  pt.  ?    48  pt.? 

12.  How  many  bushels  in  32  quarts  ?     64  qt.  ?     80  qt.  ? 


MEASURES   OF  EXTENSION. 

LONG  MEASURE. 

Art.  144.  Long  Measure  is  used  in  measuring  lines 
or  distances.     It  is  also  called  Linear  Measure 

The  denominations  are  inches  (in.),  feet  (ft.),  yards 
(yd.),  rods  (rd.),  and  miles  (mi.). 


TABLE. 

12  in.  =  1  ft. 

4  in.  =  1  hand. 

3  ft.  =  1  yd. 

3  ft.  =  1  pace. 

5£  yd.  or)  =  l  rd 
m  ft-      ) 

6  ft.  =  1  fathom. 

3  mi.  =  1  league. 

320  rd.  —  1  mi. 

60  geog.  mi.  =  1  degree. 
69£  st.  mi.  =  1  degree. 

Notes.— 1,  The  standard  unit  of  length  is  the  yard.  The  stand- 
ard yard  of  the  United  States  is  a  metal  bar  kept  at  Washington. 

2.  The  mile  is  commonly  divided  into  halves,  fourths,  eighths, 
etc.    The  furlong  (£  of  a  mile)  is  seldom  used. 

3.  In  measuring  cloth,  ribhons,  etc.,  the  width  is  not  considered, 
and  the  yard  is  divided  into  halves,  fourths,  eighths,  and  sixteenths. 
In  the  United  States  custom  house  tne  yard  is  dividea  into  tenths 
and  hundredths. 
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1.  How 

2.  How 

3.  How 

4.  How 

5.  How 

6.  How 

7.  How 

8.  How 

9.  How 
10.  How 

fathoms  ? 


ORAL   EXERCISES. 

many  inches  in  2  feet?     5  ft.  ?     8  ft.? 
many  feet  in  36  inches  ?     60  in.  ?     84  in.  ? 
many  feet  in  3  yards  ?     5§  yd.  ?     10J  yd.  ? 
many  yards  in  2  rods  ?     4  rd.  ?     5  rd.  ? 
many  rods  in  11  yards?     22  yd.?     27|  yd.? 
many  feet  in  2  rods  ?     4  rd.  ?     10  rd.  ? 
many  rods  in  2  miles  ?     5  mi.  ?     10  mi.  ? 
many  feet  in  9  yards?     12J  yd.?     16f  yd.? 
many  rods  in  \  of  a  mile  ?    J  mi, 
many  feet   in   5  fathoms? 
11  fathoms?     12|  fathoms? 


iVmi.? 
8  fathoms?    9* 


SQUARE  MEASURE. 


Straight 
Crooked 

Curved 


Art.    145.     A   Line   is 

length. 

The   word   line   commonly 
denotes  a  straight  line. 


Art.  146.  An  Angle  is  the  divergence  of  two  lines 
from  a  common  point. 

Thus  the  divergence  of  the  lines  BA 
and  BC  is  the  angle  ABC,  the  point 
B  being  its  vertex. 

Art.  147.  When  a  line  so  meets  another  line  as  to 
make  the  two  adjacent  angles  equal,  each  angle  is 
a  Right  Angle,  and  each  line  is  perpendicular  to  the 
other. 

Thus   the   two  equal   adjacent  angles 

ABC    and   ABD  are   right   angles,  and 

the   line    AB    is  perpendicular    to    tho 
line  CD. 
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Art.  148.  An  Obtuse  angle  is  greater  than  a  right 
angle,  and   an   Acute   angle   is   less  than  a  right  angle. 

Thus  the  angle  ABD  is  an  obtuse 
angle,  and  the  angle  ABC  is  an  acute 
angle.     The  line  AB  is  an  oblique  line.         c \ D 

B 

Art.  149.  A  Surface  is  that  which  has  length  and 
width,  but  not  depth  or  thickness. 

A  flat  surface,  as  the  surface  of  still  water,  is  called  a  plane 
surface,  or,  more  briefly,  a  plane. 

Note.— To  determine  whether  the  surface  of  any  object,  as  a 
table,  is  a  plane,  take  a  ruler  with  a  straight  edge' and  apply  it 
to  the  surface  in  many  different  directions.  If  the  edge  rests 
uniformly  upon  the  surface,  it  is  a  plane. 


Art.  150.  A  Kectangle  is  a 
plane  surface  bounded  by  four 
straight  lines  and  having  four 
right  angles. 


Art.  151.  A  Square  is  a  rectangle  with  its  four 
sides  equal. 

A    Square    Inch    is    a    square  i  inch. 

each '  side   of  which    is  an   inch 
in  length. 

The  figure  at  the  right  represents 
a  square  inch  of  real  size. 

A  square  foot,  square  yard,  square  rod, 
etc.,  are  squares  whose  sides  are  re- 
spectively 1  foot,  1  yard,  1  rod,  etc., 
in  length.  1  Inch- 

Art.  152.  The  Area  of  a  surface  is  the  number  of 
times  it  contains  another  surface  taken  as  a  unit  of 
measure. 

The  unit  of  surface  measure  is  a  square  ;  as,  a  square  inch,  a 
square  foot,  etc. 
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Art.  153.  Square  Measure  is  used  in  measuring 
the  areas  of  surfaces.  It  is  also  called  Superficial 
Measure. 

The  denominations  are  square  inches  (sq.  in.),  square 
feet  (sq.  ft.),  square  yards  (sq.  yd.),  square  rods  (sq.  rd.), 
acres  (A.),  and  square  miles  (sq.  mi.). 

TABLE. 

144  sq.  in.  =  1  sq.ft. 

9  sq.ft.  =  1  sq.  yd. 

30J  sq.  yd.  ==  1  sq.  rd. 

160  sq.  rd.  =  1  acre. 

640  A.  =  1  sq.  mi. 

Notes. — 1.  A  square  rod  is  also  called  a  perch  (P.) ;  and  100 
square  feet  is  called  a  square,  used  in  measuring  flooring  and 
roofing. 

2.  For  surveyors'  measure  and  the  United  States  Government 
surveys  of  townships,  see  Mensuration,  Arts.  196,  197. 


ORAL     EXERCISES. 

1.  How  many  square  feet  in  a 
piece  of  zinc  3  feet  long  and  1 
foot  wide? 

2.  How  many  square  feet  in  a 
piece  of  zinc  3  feet  long  and  3 
feet  wide? 

3.  How  many  square  feet  in  a 
square  yard? 

4.  How  many  square  feet  •  in  2 
sq.  yd.  ?     4  sq.  yd.  ?     8  sq.  yd.  ? 

5.  How  many  square  yards  in  9 
sq.  ft.  ?      18  sq.  ft.  ?      27   sq.  ft.  ? 

6.  How  many  square    inches   in   a  piece  of  paper  12 
inches  long  and  1  inch  wide? 

7.  How  many  square   inches   in   a   piece   of  paper  12 
inches  long  and  12  inches  wide? 

8.  How  many  square  inches  in  a  square   foot? 
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9.  How  many  square  inches  in  2  sq.  ft.  ?    5  sq.  ft.  ? 

1 0.  How  many  sq.  ft.  in  288  sq.  in.  ?     1440  sq.  in.  ? 

1 1.  How  many  square  rods  in  a  piece  of  land  16  rods 
long  and  1  rod  wide?  16  rd.  long  and  10  rd.  wide? 
How  many  acres? 

12.  How  many  square  rods  in  -J  of  an  acre?  f  of  an 
acre?    §  of  an  acre?    f  of  an  acre? 

13.  How  many  acres  in  a  sq.  mile?  J  sq.  mile? 
J  sq.  mile?    J-  sq.  mile?    §  sq.  mile? 

CUBIC    MEASURE. 

Art.  154.  A  Solid  body  has  length,  width,  and 
depth  or  thickness.     It  is  also  called  a  Volume  or  Body. 

A  line  has  only  length  ;  a  surface  has  length  and  width :  and 
a  solid  has  length,  width,  and  depth. 


Art.  155.  A  Cube  is  a  body 
bounded  by  six  equal  squares. 
All  its  edges  are  equal. 

Art.  156.  A  Cubic  Inch  is  a 
cube  whose  edges  are  each  one 
inch  in  length. 


Cubic  Inch. 


A    cubic  foot,    cubic    yard,   etc.,    are 
cubes  whose  edges  are  respectively  1   foot,   1   yard,  etc. 

Art.  157.  Cubic  Meaure  is  used  in  measuring  the 
contents  of  solids.     It  is  also  called  Solid  Measure. 

The  denominations  are  cubic  inches  (cu.  in.),  cubic  feet 
(cu.  ft.),  cubic  yards  (cu.  yd.),  and  cords  (cd.). 

TABLE. 

1728  cu.  in.  =  1  cu.  ft. 
27  cu.  ft.  =1  cit  yd. 
128  cu.fl.  =  1  cord. 

Note. — For  measurements  of  wood,  stone,  and  masonry,  see 
Mensuration,  Art.  202. 
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ORAL     EXERCISES. 


CUBIC 
FOOT 


1.  How  many  cubic  feet  in  a 
block  of  wood  3  ft.  long,  1  ft. 
wide,  and  1  ft.  high? 

Note. — All  the   solids   referred   to  in  this  and   the  following 
examples  are  rectangular.     See  Art.  198. 
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1   CUBIC 
1    FOOT 

^     ^ 


CUBIC  YARD 


HL 


2.  How  many  cubic  feet  in  a 
block  3  ft.  long,  3  ft.  wide,  and  1 
ft.  high? 

3.  How  many  cubic  feet  in  a 
block  3  ft.  long,  3  ft.  wide,  and 
3  ft.  high? 

4.  How  many  cubic  feet  in  a 
cubic  yard  ?  In  2  cu.  yd.  ?  5  cu. 
yd.?     8  cu.  yd.?     10  cu.  yd.? 

5.  How  many  cubic  yards  in  27 
cu.  ft.?  36  cu.  ft.?  81  cu.  ft.? 
54  cu.  ft.? 

6.  How   many  cubic   feet   in   a 
block  of  granite  6  ft.  long,  3   ft.  wide,  and  1  ft.  high? 

7.  How  many  cubic  feet  in  a  block  of  granite  6  ft. 
long,  3  ft.  wide,  and  3  ft.  high? 

8.  How  many  cubic  inches  in  a  solid  12  in.  long,  1 
in.  wide,  and  1  in.  high? 

9.  How  many  cubic  inches  in  a  solid  12  in.  long,  12 
in.  wide,  and  1  in.  high?  12  in.  long,  12  in.  wide, 
and  12  in.  high? 

10.  How  many  cubic  inches   in  a  cubic  foot?     In  2 
cu.  ft.  ?     10  cu.  ft.  ? 

1 1.  How  many  cubic   feet  in  J-  of  a  cubic  yard  ?     In 
|  cu.  yd.  ?     2£  cu.  yd.  ?     3|  cu.  yd.  ? 

12.  How  many  cubic  feet   in   J  of  a  cord    of  wood? 
In  \  cord?    f  cord?    f  cord? 


CIRCULAR   MEASURE. 
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CIRCULAR   MEASURE. 


Art.  158.  Circular  Measure  is  used  in  measuring 
arcs  of  circles,  and  angles,  and  in  estimating  latitude 
and  longitude.     It  is  also  called  Angular  Measure. 

The  denominations  are  seconds  ("),  minutes  ('),  de- 
grees (°),  signs  (s.),  and  circumferences  (cir.). 


TABLE. 

60"  =  1' 

GO'   =  1° 

30°  =  1  s. 
12  s.  or  )  .  . 
300°       {  =  1  m 

Notes. —  1.  Circular  Measure  is  used  by  surveyors  in  surveying 
land ;  by  navigators  in  determining  latitude 
and  longitude  at  sea;  and  by  astrono- 
mers in  measuring  the  motion  of  the  heav- 
enly bodies,  and  in  computing  difference 
in  time. 

2.  The  portion  of  surface  represented  by 
the  annexed  figure  is  a  circle.  The  curved 
line  which  bounds  the  circle  is  its  circum- 
ference. Any  portion  of  a  circumference  is 
an  arc.  Every  circumference  may  be  di- 
vided into  360  equal  parts,  called  degrees. 

3.  One  half  of  a  circumference  is  a  semi- 
circumference  ;  one  fourth,  a  quadrant;  one 
sixth,  a  sextant;  and  one  twelfth,  a  sign. 
A  semi-circumference  contains  1S0°;  a 
quadrant,  90°;  a  sextant,  60°;  and  a  sign, 
30°. 

4.  Since  everv  circumference  contains 
360  degrees,  the  length  of  a  degree  depends 
upon  the  size  of  the  circle.  A  degree  of 
the  earth's  surface  at  the  equator  con- 
tains 69-i  statute  miles,  or  60  geographical 
miles  —  a  minute  of  space  being  a  geo- 
graphical or  nautical  mile. 

5.  The  size  of  an  angle  is  the  same, 
whether  the  arc  included  between  its  sides 
be  a  portion  of  a  large  or  small  circle. 
Hence,  the  measure  of  an  angle  is  definite, 
whatever  be  the  length  of  a  degree  of  the  included  arc. 


Angle  of  45° 
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ORAL    EXERCISES. 

1.  How  many  minutes  in  5  degrees  ?     10  degrees  ? 

2.  How  many  signs  in  1  quadrant  ?     3  quadrants  ? 
How  many  degrees  in  jr  of  a  quadrant  ? 
How  many  degrees  in  2  signs  ?     2i  signs  ? 
How  many  signs  in  J  of  a  circumference  ?    J  cir.  ? 


How  many  degrees  in  ^  cir.  ?     -|  cir.  ?     -^  cir. 


Z!Z2f.0  MEASURE. 

Art.  159.  Time  Measure  is  used  in  measuring  time 
or  duration. 

The  denominations  are  seconds  (sec),  minutes  (min.), 
hours  (h.),  days  (da.),  years  (yr.),  and  centuries  (cen.). 


TABLE. 


60  sec. 

60  min. 

24  h. 
365  da. 
365|  da. 
100  s.  yr. 


=  1  min. 

=  1  A. 

=  \da. 

=  1  common  yr. 

=  1  so/ar  ?/r. 

=  1  century 


also  : 

7  cfo.  =  1  w?ee£  («?.) 

4e    =1  Zunar  month  (Zr.  mo.) 
13  Zr.  7HO.  1  da.  Q  h.  =  l  Julian  yr. 
12  calendar  mo.  =  1  civil  yr. 
366  cfo.  =  1  leap  yr. 


Notes. — 1.   A  solar  day  (24  h.)  is  the  unit  of  time. 

2.  The  length  of  the  solar  year  1880  was  365  da.  5  h.  48  m.  47$ 
sec,  which  is  nearly  \  of  a  day  longer  than  the  common  year.  On 
the  supposition  that  365^  days  was  the  true  solar  year,  Julius  Caesar 
introduced  a  calendar  in  which  every  year  exactly  divisible  by  4 
(every  fourth  year)  included  366  days,  called  leap  year.  The  error 
of  the  Julian  calendar  amounts  to  3.1142  days  in  four  centuries. 
To  correct  this  error  Pope  Gregory  XIII.,  in  1582,  modified  the 
Julian  calendar  by  making  three  of  the  centennial  years  in  every 
four  centuries  common  years  and  one  a  leap  year.  Hence  every 
year  that  is  divisible  by  4  and  is  not  a  centennial  year,  is  a  leap 
year,  and  every  centennial  year  that  is  divisible  by  400  is  a  leap  year. 
The  year  1900  will  be  a  common  year,  and  the  year  2000  a  leap  year. 

3.  The  months  of  April,  June,  September,  and  November  con- 
tain 30  days  each ;  the  month  of  February  in  common  years 
contains  28  days,  and  in  leap  years  29  days;  each  of  the  other 
calendar  months  contains  31  days.  In  most  business  transactions 
JO  days  are  considered  a  month. 
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ORAL      EXERCISES 


1.  How  many  hours  in  2  days?    3  days?     10  days? 

2.  How  many  days  in  48  hours?    96  hr.  ?    240  hr.  ? 

3.  How  many  days  in  5  weeks  ?     7  w.  ?     10^  w.  ? 

4.  How  many  weeks  in   21   days?    56  da.?     65  da.? 

5.  How  many  months  in  3  years?    5 J-  yr.  ?     10^  yr.  ? 

6.  How  many  years  in   a   quarter  of  a   century?     \ 
of  a  century  ?     f  of  a  century  ? 

7.  How    many    days    in    February    in    1882?      1884? 
1900?    2000? 

MISCELLANEOUS  TABLES. 


NUMBERS. 


12  things  =  1  dozen. 

12  doz.     =  1  gross. 

12  gross  =  1  great  gross. 

20  things  =  1  score. 


24  sheets     =1  quire. 
20  quires    =  1  ream. 

2  reams    =  1  bundle. 

5  bundles  =  1  bale. 


A  sheet  folded  in  2  leaves  is  called  a  folio. 

"         "  4  "  a  quarto,  or  4to. 

"        "  8  "  an  octavo,  or  8vo. 

"        "  12  "  a  duodecimo,  or  12mOt 

"  16  "  a  16mo. 

"         "  24  "  a  24mo. 

Note. — In   estimating   the    size   of  the   leaves,  as   above,   the 
double   medium  sheet  (23  by  26  inches)  is  taken  as  a  standard, 

EQUIVALENTS. 

1  T.   =  20  act.  =   2000  lb.  =   32000  oz. 

1  6w.  =  4  p*.  =  32  g*.  =  64  ^«. 

1  mi.  =   320  rd  =  1760  yd.  =  5280  /*.  =  63360  in, 

1  A.  =   160  sq.  rd.  =   4840  sg.  yd.  =   43560  sg.  ^t. 

1  ctt.  yd.  =  27  cu.  ft.  =   46656  cm.  in. 

1  da.  —  24  h.  —   1440  win.  =  86400  sec. 
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REDUCTION  OF  DENOMINATE  NUMBERS. 

ORAL    PROBLEMS. 

1.  How  many  mills  in  9  cents?     In  12|  cts. ? 

2.  How  many  cents  in  7  dimes?     25  dimes? 

3.  How  many  dollars  in  50  dimes?     120  dimes? 

4.  How  many  dollars  in  800  cents?     2400  cts.? 

5.  How  many  ounces  in  5  lb.  avoir.?     10J  lb.? 

6.  How  many  pounds  in  64  oz.  avoir.  ?     19.2  oz.  ? 

7.  How  many  grains  in  5  pwt.  ?    10^  pwt.  ?    2.5  pwt.  ? 

8.  How  many  pwt.  in  7  oz.  ?     6.5  oz.  ?     12f  oz.  ? 

9.  How   many    ounces    of  gold   in    7   lb.  ?     12|   lb.  ? 

10.  How  many  pounds   of  gold  in  48  oz.  ?     14.4  oz.  ? 

11.  How  many  scruples  in  12  3?     8f  3?     14-5  3? 

12.  How  many  drams  in  15  §? 

13.  How  many  ounces  in  9  lb.? 

14.  How  many  inches   in   8£  ft.? 
?.5.  How  many  yards  in   12   rd.  ? 

16.  How  many  rods  in   11   yd.? 

17.  How  many  feet  in  36  inches? 

18.  How  many  sq.  ft.  in  3^  sq.  yd.?     lOf  sq.  yd.? 

19.  How  many  sq.   in.   in   12.6  sq.  ft.?     49.5  sq.  ft.? 

20.  How  many  quarts  in  7  pk.  ?     12J  pk.  ?     30J  pk.  ? 

21.  How  many  gallons  in  35  qt.  ?    14.8  qt.  ?    2.56  qt.? 

WRITTEN     PROBLEMS. 

22.  Reduce  7  bu.  3  pk.  5  qt.  to  quarts. 

PROCESS.  _        _    .  ,.  „     ,.  , 

In   7   bu.   there   are  7   times  4   pk., 

7  bu.  3  pk.  5  qt.  which  is  28  pk.,  and  28  pk.  and  3  pk. 

4  are   31    pk.  ;    in    31   pk.    there    are  31 

g-^  .pk  times  8   qt.,  which    is  248  qt.,  and  248 

g  qt.  and  5  qt.  are  253  qt.     Hence,  7  bu. 

l^qt     Arts.  3pk.5qt.  =  253qt. 


12} 

I?     11.5  I 
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lb. 
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1  ft.? 

33i 
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? 
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23   Reduce  253  quarts  to  higher  denominations. 

process.  In  253  qt.  there  are  as  many  pk.  as 

8V25C>  at  ^  ^  are   contamed  times  in   253  qt., 

-~ — ~ — ~  which  is  31  times,  with  5  qt.  remainder  ; 

4)__r_  J^E:  "  Q*"  in  31  pk.  there   are  as  many  bu.  as  4 

7  bu.  3  pk.  pk.    are    contained    times    in    31    pk., 

rt  '      _     .       .  which  is  7  times,  with  3  pk.  remainder. 

7  bu.  o  pk.  5  qt.  Am.  Hence  253  qt  =  7  bu.  3  pk.  5  qt. 

24.  Reduce  12  bu.  5  qt.  to  pints;  778  pt.  to  bushels, 

25.  Reduce  5124  quarts  to  bushels. 

26.  Reduce  23  bu.  3  pk.  5  qt.  to  pints. 

27.  Reduce  2288  pints  to  bushels. 

28.  Reduce  13  mi.  200  rd.  3  yd.  to  yards. 

29.  Reduce  11  A.  142  sq.  rd.  to  square  rods. 
30T  Reduce  324  gi.  to  gallons ;  380  pt.  to  gallons. 

31.  Reduce  10280  ft.  to  miles;  11880  ft.  to  miles. 

32.  Reduce  12840  yards  to  miles. 

33.  Reduce  13  mi.  220  rd.  to  inches. 

34.  Reduce  113420  inches  to  miles. 

35.  Reduce  12460"  to  degrees;  450'  to  degrees. 

36.  Reduce  30684  sec.  to  higher  denominations. 
3?.  How  many  sq.  rods  in  95  A.  ?     320}  A.  ? 

38.  How  many  cwt.  in  4080  oz.  avoir.?     372051  oz.? 

39.  Reduce  3450  cu.  feet  to  cubic  yards. 

40.  Reduce  16  common  years  to  hours. 

41.  Reduce  45040  hours  to  common  years. 

42.  How  many  seconds  in  the  year  1880?     1882? 

43.  Reduce  4  com.  yr.  45  da.  to  minutes. 

44.  Reduce  3.7  bu.  to  pints;  1184  pt.  to  bushels. 

45.  Reduce  4.5  rods  to  feet;  15.85  ft.  to  rods. 

46.  Reduce  3.65  lb.  troy  to  ounces;  21.6  oz.  to  pounds. 

47.  Reduce  15°  40'  36"  to  seconds ;  588487"  to  degrees. 

48.  Reduce  12.3  miles  to  feet ;  21.648  ft.  to  miles. 

49.  Reduce  365J  days  to  weeks. 

50.  How  many  acres  in  12|  sq.  miles? 

61.  How  many  sq.  rods  in  §  of  an  acre?    5£  A.? 
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Art.  160.  1.  To  reduce  a  denominate  number  from 
a  higher  to  a  lower  denomination : 

Rule. — 1.  Multiply  the  number  of  the  highest  denomina- 
tion by  the  number  of  units  of  the  next  lower  which  equals  a 
unit  of  the  higher,  and  to  the  product  add  the  number  of 
the  lower  denomination,  if  any. 

2.  Proceed  in  like  manner  with  this  and  each  successive 
result  thus  obtained,  until  the  number  is  reduced  to  the  re- 
quired denomination. 

Note. — The  successive  denominations  of  the  compound  num- 
ber should  be  written  in  their  proper  orders,  and  the  vacant  de- 
nominations, if  any,  filled  with  ciphers. 

2.  To  reduce  a  denominate  number  from  a  lower  to 
a  higher  denomination  : 

Rule. — 1.  Divide  the  given  denominate  number  by  the 
number  of  units  of  Us  denomination  which  equals  one  unit 
of  the  next  higher,  and  place  the  remainder,  if  any,  at  the 
right.     «r 

2.  Proceed  in  like  manner  with  this  and  each  successive 
quotient  thus  obtained,  until  the  number  is  reduced  to  the 
required  denomination. 

3.  The  last  quotient,  with  the  several  remainders  annexed 
in  proper  order,  will  be  the  answer  required. 

Note — The  above  rules  also  apply  to  the  reduction  of  de- 
nominate fractions,  both  common  and  decimal,  as  shown  below. 
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REDUCTION  OF  DENOMINATE   FRACTIONS. 
ORAL    PROBLEMS. 


1.  What  part  of  a  peck  is  ^  of  a  bushel  ?    -^  bu.  ? 

Solution. — fa  bu.  =  fa  of  4  pk.  =  T\  pk.  or  \  pk.,  and  T3g  bu. 
:  3  times  \  pk.  =  f  pk.    Hence,  -fa  bu.  =  f  pk. 

2.  What  part  of  a  quart  is  ^  of  a  peck  ?    ^  pk.  ? 
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3.  What  part  of  a  day  is  -^  of  a  week  ?    -^  w.  ? 

4.  What  part  of  an  hour  is  -^  of  a  day  ?    -fa  d.  ? 

5.  What  part  of  an  inch  is  fa  of  a  foot?     fa  ft.? 

6.  What  decimal  part  of  an  inch   is  .03   of  a  foot*? 

Solution.— .03  ft.  =  .03  of  12  in.,  or  12  times  .03  in.  =  .36  in. 

7.  What  decimal  of  an  hour  is  .05  of  a  day  ?    .025  da.  ? 

8.  What  decimal  of  a  day  is  .12  of  a  week  ?    .012  w.  ? 

9.  What  decimal  of  a  quart  is  .125  of  a  peck  ?   .35  pk.  ? 

10.  What  part  of  an   inch   is  -fe  of  a  foot?     .08  ft.? 

1 1.  What  part  of  a  pint  is  fa  of  a  gallon  ?     .06  gal.  ? 

1 2.  What  part  of  a  foot  is  f-  of  an  inch  ? 

Solution. — £  in.  =  f  of  T\  ft.  =  ?\  ft. 

1 3.  What  part  of  a  week  is  fa  of  a  day  ?     y\  da.  ? 

14.  What  part  of  an  hour  is  fa  of  a  minute  ?   -^  mm-  ? 

15.  What  part  of  a  gallon  is  f  of  a  pint?     j-  pt.  ? 

1 6.  What  part  of  a  pound  avoir,  is  f  of  an  ounce  ? 

17.  What  decimal  of  a  foot  is  .48  of  an  inch? 


18.  What  decimal  of  a  week  is  .49  of  a  day?    6.3  d.? 

19.  What  decimal  of  a  bushel  is  .12  pk.  ?     3.6  pk.  ? 

20.  What  decimal  of  a  pound  troy  is  .144  oz.  ?    44.4  oz.  ? 

WRITTEN     PROBLEMS. 

2 1.  Reduce  187000  of  a  day  to  the  fraction  of  a  minute 

PRnri?w.  7  a    7X24     u    7X24X60        :       14        • 

process.    18000  a.—    18000   n._- — j^y^ — mm.—  25  mm. 

Note. — Denominate  fractions  are  reduced  to  a  lower  denomi- 
nation by  multiplying,  and  to  a  higher  denomination  by  divid- 
ing, the  same  as  denominate  integers ;  but  in  reduction  descend- 
ing there  are  no  units  of  a  lower  order  to  add,  and  in  reduction 
ascending  there  are  no  remainders. 

22.  Reduce  -g-^  of  a  pound  avoir,  to  the  fraction  of 
an  ounce. 
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23.  Reduce  ^f  of  a  yard  to  inches. 

24.  Reduce  \\  of  a  pound  troy  to  pennyweights. 

25.  Reduce  .0065  w.  to  the  decimal  of  an  hour. 

26.  Reduce  9.6  pwt.  to  the  decimal-  of  a  pound   troy. 

27.  Reduce  3.96  inches  to  the  decimal  of  a  rod. 

28.  Reduce  30.8  rods  to  the  decimal  of  a  mile. 

29.  Reduce  .096  of  a  bushel  to  the  decimal  of  a  pint. 

30.  Reduce  |-§  of  a  rod  to  the  fraction  of  a  league. 

31.  Reduce  f  of  a  minute  to  the  fraction  of  a  day. 

32.  Reduce  11.2  sq.  rods  to  the  decimal  of  an  acre. 

33.  Reduce  56|  lb.  troy  to  grains. 

34.  Reduce  -^  of  a  gallon  to  the   fraction  of  a  pint. 

35.  Reduce  2.43  miles  to  feet. 

36.  Reduce  1.408  ft.  to  the  decimal  of  a  mile. 

37.  Reduce  143.35  sq.  in.  to  the  decimal  of  a  sq.  rd. 


DENOMINATE   FRACTIONS  REDUCED   TO   LOWER   INTEGERS. 
ORAL    PROBLEMS. 

1.  How  many  months  in  f  of  a  year?     f  yr.  ?    £  yr.  V 

2.  How  many  hours  in  f  of  a  day  ?    -g-  day  ? 

3.  How  many  minutes   in  ^  of  an  hour  ?    ^  hr.  ? 

4.  How  many  yards  in  -^  of  a  rod  ?    §  rd.  ?    -^  rd.  ? 

5.  How  many  quarts  in  .75  of  a  peck?     1.25  pk.  ? 

6.  How  many  months  in  .25  of  a  year  ?     .33|  yr.  ? 

7.  How  many  days  in  .35  of  a  week  ?   4.5  w.  ?    7.3  w.  ? 

8.  How  many  pecks  and   quarts  in  .8  of  a  bushel? 

Solution.— .8  bu.  =  .8  of  4  pk.  =  3.2  pk.,  and  .2  pk.  =  .2  of  8 
qt.  =1.6  qt.     Hence  .8  bu.  =  3  pk.  1.6  qt. 

9.  How  many  pecks  and  quarts  in  .55  of  a  bushel? 

10.  How  many  feet  and  inches  in  .75  of  a  yard? 

1 1.  How  many  quarts  and  pints  in  f  of  a  gallon  ? 

12.  How  many  days  and  hours  in  J  of  a  week? 
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WRITTEN     PROBLEMS. 

13.  Reduce  ^  of  a  day  and  .415  of  an  hour  each  to 
integers  of  lower  denominations. 

(1)  processes.  (2) 

.415  h. 

Ada.  =  ^P    h.  =  10ih.  60 


\  h.      =~Y~  min.  =  30  min. 


24.900  min. 
60 


A  da.  =  10  h.  30  min.  54.000  sec. 

.415  h.  =  24  min.  54  sec. 

Reduce  to  integers  of  lower  denominations : 

14.  £  of  a  mile.  20.  .85  of  a  lb.  avoir. 

15.  ^  of  a  week.  21.  .325  of  a  ton. 

16.  -ft  of  a  lb.  troy.  22.  .08J  of  a  yard. 

17.  |f  of  a  rod.  23.  .9375  of  a  gallon. 

18.  fi-  of  an  acre.  24.  .5625  of  a  cwt. 

19.  |  of  a  bushel.  25.  .0135  of  a  day. 

Art.  161.  To  reduce  a  denominate  fraction  to  inte- 
gers of  lower  denominations : 

Rule. — 1.  Multiply  the  fraction  by  the  number  of  units 
of  the  next  lower  denomination  which  equals  a  unit  of  its 
denomination. 

2.  Proceed  in  like  manner  with  the  fractional  part  of  the 
product  and  of  each  succeeding  product,  until  the  lowest  de- 
nomination is  reached. 

3.  The  integral  parts  of  the  several  products,  written  in 
proper  order,  will  be  the  lower  integers  sought. 

Note. — When  the  last  product  contains  a  fraction,  it  should  be 
united  with  the  integer  of  the  lowest  denomination,  forming  a 
mixed  number. 
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DENOMINATE   INTEGERS  REDUCED   TO   FRACTIONS  OF    HIGHER 
DENOMINATIONS. 

1.  What  part  of  a  dollar  is  25  cents  ?    50  cts.  ? 

2.  What  part  of  a  foot  is  8  inches  ?     10  in.  ? 

3.  What  part  of  a  day  is  9  hours  ?     15  h.  ? 

4.  What  part  of  a  yard  is  2  ft.  6  in.  ? 

Solution.— 1  yd.  =  36  in.,  and  2  ft.  6  in.  =  30  in. ;   1  in.  =  ^ 
of  a  yd.,  and  30  in.  =  f §  yd.  =  f  yd.,  or  .8£  yd. 

5.  What  part  of  a  gallon  is  3  qt.  1  pt.  ? 

6.  What  part  of  a  bushel  is  2  pk.  5  qt.  ? 

7.  What  part  of  a  rod  is  3  yd.  2  ft.  ? 

8.  What  part  of  3  pecks  is  2  pk.  4  qt.  ? 

9.  What  part  of  5  yards  is  2  yd.  2  ft.  ? 

Suggestion. — Each  of  the  above  answers  may  be  expressed 
either  as  a  common  fraction  or  as  a  decimal. 


WRITTEN     PROBLEMS. 

10.  Reduce  15  w.  5  da.  to  the  fraction  of  a  common 
year. 

PROCESS. 

15  w.  5  da.  =  110  da. 
110  -*-  365  =  m  =  H-     H  yr-,  Ans. 

1 1.  Reduce  1  yd.  2  ft.  6  in.  to  the  fraction  of  a  rod. 

1 2.  Reduce  1  pk.  2  qt.  1-J-  pt.  to  the  fraction  of  a  bushel. 

13.  Reduce  9  h.  36  min.  to  the  decimal  of  a  year. 

14.  Reduce  2  pk.  3  qt.  1.2  pt.  to  the  decimal  of  a  bushel. 

15.  Reduce  8  oz.  8  pwt.  to  the  decimal  ol  a   pound. 

1 6.  Reduce  18  rd.  1  yd.  to  the  decimal  of  a  mile. 

17.  What  part  of  1  bu.  3  pk.  is  5  pk.  6  qt.  ? 
/1 8.  What  part  of  3  w.  4  da   is  3  da.  8  h.  ? 

19.  What  part  of  12  A.  80  P.  is  1  A.  90  P.? 

20.  What  part  of  3  barrels  of  flour  is   110  lb.  4  oz.  ? 

21.  What  part  of  2  rods  is  3  yd.  2  ft.? 
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Art.  162.  To  reduce  a  denominate  number,  simple 
or  compound,  to  the  fraction  of  a  higher  denomination : 

Rule. — Reduce  the  number  which  is  a  part  and  the  num- 
ber which  is  a  whole  to  the  same  denomination,  and  write 
the  former  result  as  a  numerator  and  the  latter  as  a  de- 
nominator of  a  fraction. 

Notes. — 1.  The  answer  maybe  expressed  decimally  by  changing 
the  common  fraction  to  a  decimal. 

2.  When  the  whole  is  a  unit  and  the  part  a  compound  num- 
ber, the  process  may  be  somewhat  shortened  by  reducing  the  number 
of  the  lowest  denomination  to  a  fraction  of  the  next  higher,  prefixing  the 
higher  number,  if  any,  and  then  reducing  this  result  to  a  fraction  of  the 
next  higlier  denomination,  and  so  on,  until  the  required  fraction  is 
reached.  Thus,  in  the  14th  problem  above,  the  1.2  pt.  =  .6  qt. ; 
and  3.6  qt.  =  .45  pk. ;  and  2.45  pk.  =  .6125  bu. 


DEFINITIONS. 

Art.  163.  A  Denominate  Number  is  a  number  com- 
posed of  concrete  units  of  one  or  several  denominations. 

It  may  be  an  integer,  a  mixed  number,  or  a  fraction. 

Art.  164.  Denominate  numbers  are  either  Simple  or 
Compound. 

A  Simple  Denominate  Number  is  composed  of  units 
of  the  same  denomination ;  as,  7  quarts. 

A  Compound  Denominate  Number  is  composed  of 
units  of  several  denominations;  as,  5  bu.  3  pk.  7  qt, 
It  is  also  called  a  Compound  Number. 

Every  compound  number  is  necessarily  denominate,  but  all 
denominate  numbers  are  not  compound. 

Art.  165.  Denominate  numbers  exp::s3  Currency, 
Weights,  and  Measures. 

A  standard  unit  of  currency,  or  weight,  or  extension,  or  capac- 
ity, or  time,  is  properly  a  measure,  but  the  term  is  usually  limited 
to  the  standard  units  of  extension,  capacity,  and  duration. 


132 


WHITE'S  FEW  COMPLETE  ARITHMETIC. 


Art.  166.  The  following  diagram  represents  the  three 
general  classes  of  denominate  numbers,  their  subdivis- 
ions, and  the  tables  included  under  each : 


I.  Currency, 


II.  Weights, 


III.  Measures, 


1.  Coin. 


1.  United  States  Money. 


2.  Paper  Money,  j 

1.  Avoirdupois  Weight. 

2.  Troy  Weight. 

3.  Apothecaries  Weight. 

f  1.  Lines  1  1.  Long  Measure. 

I  and  arcs.  |  2.  Circular  Measur 

1.  Of  extension,  \  } 

I  2.  Surfaces:  Square  Measure. 
[  3.  Volume :   Cubic  Measure. 

o    r\e  u       f  1-  Dry  Measure, 

2.  Of  capacity,   J       _  .  J  . .  __      ' 

r  [2.  Liquid  Measure. 

3.  Of  duration:  Time  Measure. 


Art.  167.  The  Reduction  of  a  denominate  number 
is  the  process  of  changing  it  from  one  denomination 
to  another  without  altering  its  value. 

The  process  of  changing  a  denominate  number  from  a  higher 
to  a  lower  denomination  is  Reduction  Descending;  and  the  pro- 
cess of  changing  a  denominate  number  from  a  lower  to  a  higher 
denomination  is  Reduction  Ascending. 


PRACTICAL   REVIEW    PROBLEMS. 

1.  Reduce  5  bu.,  f  bu.,  and  5  bu.  each  to  quarts. 

2.  Reduce  13  pk.,  f  pk.,  and  .24  pk.  each  to  bushels. 

3.  Reduce  3  gal.,  f  gal.,  and  .25  gal.  each  to  pints. 

4.  Reduce  15  pt.,  f  pt.,  and  .24  pt.  each  to  gallons. 

5.  Reduce  .25  ft.  to  inches;  4.8  in.  to  feet. 

6.  Reduce  y%  yd.  to  inches;  ff  in.  to  yards. 

7.  What  part  of  a  dime  is  f  of  a  cent  ?    3.5  cts.  ? 

8.  What  part  of  a  gallon  is  f|  of  a  pint  ?     .64  pt.  ? 

9.  How  many  half-pint  bottles  can  be  filled  with  2J 
gallons  of  sweet-oil? 
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10.  A  boy  bought  J  of  a  bushel  of  chestnuts  for  $2, 
and  sold  them  at  10  cents  a  quart :  how  much  did  he 
gain? 

11.  If  a  workman  can  do  a  job  of  work  in  120 
hours,  how  many  days  will  it  take  him  if  he  work  8 
hours  a  da}7  ?     If  he  work  10  hours  a  day  ? 

12.  How  much  will  f  of  a  cwt.  of  sugar  cost,  at  16| 
cents  a  pound?     At  12^-  cts.  ? 

13.  If  a  man  spend  \  of  each  day  in  sleep,  how 
many  days  will  he  sleep  in  the  last  three  months  of 
the  year?     How  many  hours? 


WRITTEN     PROBLEMS. 

14.  Reduce  5  rd.  11  ft.  5  in.  to  inches;  138  ft.  to 
rods. 

15.  How  many  pennyweights  of  gold  in  1  lb.  6|  oz.  ? 

16.  Reduce  13°  45"  to  seconds;  255'  to  degrees. 

17.  Reduce  252  cu.  ft.  to  cubic  yards;  33-J-  cu.  yd.  to 
cubic  feet. 

18.  Reduce  |-J  of  a  day  to  minutes. 

19.  Reduce  £f  of  a  week  to  hours. 

20.  Reduce  yV  of  an  hour  to   the   fraction   of  a  day, 

21.  Reduce  .012  of  a  mile  to  yards. 

22.  Reduce  f  of  a  yard  to  the  decimal  of  a  mile. 

23.  What  part  of  a  rod  is  3  ft.  4  in.  ? 

24.  What  part  of  34-  acres  is  32  sq.  rods? 

25.  What  part  of  a  week  is  8  h.  24  min.  ? 

26.  It  requires  240  steps,  each  7J  inches  high,  to 
reach  the  top  of  a  tower :  what  is  the  height  of  the 
tower  in  feet? 

27.  How  many  rings,  each  weighing  4  pwt.  15  gr., 
can  be  made  from  a  bar  of  gold  weighing  1  lb.  10  oz.  ? 

Suggestion. — Reduce  both  divisor  and  dividend  to  the  same 
denomination. 
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28.  How  many  kegs,  each  containing  5  gal.  1  qt.,  can 
be  filled  from  a  cask  holding  63  gal.  ? 

29.  How  many  rotations  will  a  wheel  12  ft.  6  in.  in 
circumference  make  in  rolling  f  of  a  mile? 

30.  How  many  barrels,  each  holding  2  bu.  3  pk.,  will 
be  required  to  pack  132  bushels  of  apples? 

31.  How  many  axes,  each  weighing  3  lb.  3  oz.,  can 
be  made  from  a  ton  of  iron? 

32.  A  farmer  sold  4  loads  of  wheat,  weighing  re- 
spectively 2465  lb.,  2535  lb.,  2594  lb.,  and  2286  lb.,  at 
94  cts.  a  bushel :  how  much  did  he  receive  for  the 
wheat  ? 

33.  If  the  weight  of  a  cubic  foot  of  water  is  1000 
ounces,  what  is  the  weight  of  a  cubic  yard  of  water? 
What  decimal  part  of  a  ton? 

34.  How  many  doses,  of  18  gr.  each,  in  5  3  2  9  of 
tartar  emetic? 

35.  How  many  pills,  of  5  gr.  each,  can  be  made  from 
1  I  2  3  2  9  of  calomel  ? 

36.  How  many  ounces  of  calomel  will  make  480 
pills,  each  weighing  6  grains? 

37.  A  lady  bought  a  pearl  necklace,  weighing  8  oz.  15 
pwt.,  at  75  cents  a  grain:  what  did  it  cost? 

38.  What  will  be  the  cost  of  a  gold  chain,  weighing 
3^-  oz.,  at  75  cents  a  pwt.  ? 

39.  How  many  ounces  of  gold  in  a  gold  chain  16 
carats  fine,  weighing  3-J-  ounces? 

40.  A  grocer  bought  5  barrels  of  cranberries,  each 
containing  2  bu.  3  pk.  4  qt.,  at  $8.75  a  barrel,  and 
sold  3  barrels  of  the  berries  at  12  cts.  a  quart,  and  2 
barrels  at  10  cts.  a  quart:  how  much  did  he  gain? 

41.  A  grocer  bought  4  cheeses,  weighing  respectively 
15J  lb.,  161  lb.,  17f  lb.,  and  14^  lb.,  at  8|  cts.  a  pound; 
he  sold  the  first  cheese  at  12  cts.  a  pound,  the  second 
at  11  cts.,  the  third  at  10  cts.,  and  the  fourth  at  9  cts. : 
how  much  did  he  gain? 


PROCESS. 

w. 

d. 

h. 

min. 

sec. 

13 

6 

13 

48 

8 

0 

13 

51 

37 

12 

5 

22 

16 

44 

1 

0 

10 

15 

00 

1 

10 

00 

26 
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COMPOUND  NUMBERS. 

ADDITION  AND   SUBTRACTION   OF   COMPOUND   NUMBERS. 
WRITTEN     PROBLEMS. 

1.  Add  13  w.  6  da.  13  h.  48  min. ;  8  w.  13  h.  51  min, 

37  sec. ;  12  w.  5   da.  22  h.  16  min.  44  sec. ;  1  w.  10  h. 

15  min. ;  and  1  da.  10  h.  26  sec. 

Since  only  like  numbers  can 
be  added,  write  the  numbers 
of  the  same  denomination  in 
the  same  column.  Beginning 
at  the  right  hand,  add  the 
numbers  of  the  successive  de- 
nominations and  divide  the 
sum  in  each  case  by  the  num- 

36       0      22       11       47,  Ans.        ber  of  units   of  that  denomi- 
nation   which    equals    a    unit 

of  the  next  higher  denomination ;  write  the   remainder  under 

the  numbers  added,  and  add  the  quotient  with  the  numbers  of 

the  next  higher  denomination. 

Note. — In  the  addition  of  both  simple  and  compound  num- 
bers, the  sum  of  the  numbers  of  each  denomination  is  divided  by  the 
number  of  units  of  that  denomination  which  equals  one  of  the  next 
higher  denomination.  In .  simple  addition  this  divisor  is  10 ;  in 
compound  addition  it  is  a  varying  number,  since  the  several  de- 
nominations are  expressed  on  a  varying  scale. 

2.  Add  16  mi.  307  rd.-3  yd.  2  ft.  8J-  in.;  13  mi.  160 
rd.  5  yd.  1  ft.  7|  in. ;  27  mi.  35  rd.  4  yd.  5J  in. ;  and 
264  rd.  3  yd.  2  ft.  . 

3.  Add  24  lb.  10- oz.  17  pwt.  22  gr.;  16  lb.  19  pwt.; 

10  oz.  15  pwt.  21  gr. ;  45  lb.  9  oz.  18  gr. ;  and  13  lb. 

11  oz.  18  pwt.  23  gr. 

4.  Add  15  bu.  3  pk.  7  qt. ;  27  bu.  5  qt. ;  1  pt. ;  8  bu. 
2  pk.  1  pt. ;  47  bu,  3  pk. ;  12  bu.  2  pk.  1  qt.  1  pt. ; 
and  19  bu.  1  pk.  3  qt. 

5.  Add  16°  32'  43";  28°  47'  53";  25°  53";  4  s.  48'  48"; 
11  s.  16°  36'  59";  and  5  s.  18°  7'  8". 
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6.  From  104°  11'  20"  take  83°  43'  36". 

process.      -  Write  the  subtrahend  under  the  minu- 

end, placing   numbers    of   the   same   de- 
104°   11     90 
ivt     -lx    ^v  nomination    in    the    same    column.     Be- 

83     43    36  ginning  at  the  right  hand,  subtract  each 

20°  27'  44"  Arts.  successive  term  of  the  subtrahend  from 
the  corresponding  term  of  the  minuend, 
and  write  the  difference  beneath.  Since  36"  is  greater  than 
20",  add  60"  to  20",  and  from  the  sum,  80",  take  36".  To  bal- 
ance the  60"  added  to  the  minuend  add  1/  to  the  next  term 
of  the  subtrahend  'or  take  V  from  the  next  term  of  the  minu- 
end). Proceed  in  like  manner  in  subtracting  the  higher  terms. 
TJie  process  is  similar  to  the  subtraction  of  simple  numbers. 

v  7.  Boston  is  71°  4'  9"  W.  longitude,  and  San  Fran- 
cisco is  122°  26'  15"  W.  longitude :  what  is  their  differ- 
ence in  longitude? 

^  8.  Baltimore  is  situated  76°  37'  W.,  and  Chicago 
87°  35'  W. :  what  is  their  difference  in  longitude  ? 

9.  A  ship   in   latitude   37°    20'  north,   sails    15°    45' 
south,  and  then  12°  36'  north:  what  is  her  latitude? 

10.  A  man  was  born  Sept.  12,  1827,  and  his  eldest 
son  was  born  Apr.  6,  1855 :  what  is  the  difference  in 
their  ages? 

PROCESS. 

yr.     mo.   da.  In    finding    the     difference    between 

1855     4       6  two   dates,  allow  30  days   to  the  month 

1827     9     12  and  12  months  to  the  year. 

27    6    24,  Ans. 

11.  Washington  died  Dec.  14,  1799,  and  Lincoln  died 
April  15,  1865:  what  is  the  difference  in  time  be- 
tween the  two  events? 

12.  Garfield  was  born  Nov.  19,  1831,  and  died  Sept. 
19,  1881 :  what  was  his  age  ? 

13.  A  note  was  given  July  23,  1873,  and  paid  Nov. 
16,  1878 :  how  long  did  it  run  ? 


PROCESS. 

rd. 

yd. 

ft. 

in. 

13 

3 

1 

6.4 

9 

4 

0 

11.5 

3 

^ 

0 

6.9 

i  _ 

2   - 

=  1 
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14.  From  13  rd.  3  yd. 
1  ft.  6.4  in.  take  9  rd.  4  yd. 
11.5  in. 

15.  From  30  mi.  14  rd. 
3  yd.  1.  ft.  4  in.  take  25  m. 
36  rd.  4  yd.  2  ft.  10  in. 

■    16.  From   33  rd.   2  ft.   11  3      4     ~2  S^Ans. 

in.  take   16  rd.   3  yd.   8  in. 

17.  From  26  rd.  11  ft.  take  18  rd.  13  ft.  9.8  in. 

Art.  168.  Compound  Addition  is  the  process  of 
finding  the  sum  of  two  or  more  compound  numbers 
of  the  same  kind. 

Art.  169.  Compound  Subtraction  is  the  process  of 
finding  the  difference  between  two  compound  numbers 
of  the  same  kind. 


MULTIPLICATION   AND   DIVISION   OF   COMPOUND   NUMBERS. 

18.  Multiply  65  rd.  3  yd.  1  ft.  5  in.  by  11. 

process.  Since  the  value  of 

the  units  of  the  suc- 
cessive denomina- 
tions increases  from 


65  rd.  3  yd.  1  ft.  5  in. 
11 


2  mi.  81  rd.  5  yd.  0  ft.  7  in.,  Ans.        right   to    left,  begin 

at  the  right  hand 
and  multiply  each  term  of  the  multiplicand  in  order,  reducing  each 
product  to  the  next  higher  denomination,  writing  the  remainder 
under  the  term  multiplied,  and  adding  the  quotient  to  the  next 
product. 

Note.— In  the  multiplication   of  both   simple    and   compound 

numbers,  the  successive  products  are  each  divided  by  the   number  of 

units  of  their  denomination  which  equal  one  of  the  next  higher  d& 
nomination. 

19.  Multiply  13  bu.  2  pk.  2  qt.  1  pt.  by  15. 
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20.  If  a  man  can  build  7  rd.  11  ft.  6  in.  of  fence  in 
a  day,  how  much  can  15  men  build? 

21.  How   many   bushels    of   wheat    in   18   bins,  each 
containing  124  bu.  3  pk.  5  qt.  ? 

22.  How   much   hay    in    13   stacks,    each    containing 
4  T.  13  cwt.  56  lb.  ? 

23.  What   is    the    weight   of   12    silver    spoons,   each 
weighing  2  oz.  13  pwt.  14  gr.  ? 

24.  Divide  19  mi.  180  rd.  2  yd.  9  in.  by  7. 

process.  Since  the  value  of 

rr\i t\        •     1  on     j     o      J     n  a    n      ■  tne  units  of  the  suc- 

7)19  mi.  180  rd.  2  yd.  0  ft.  9     in.  ... 

J i. cessive    denomina- 

2  mi.  254  rd.  1  yd.  2  ft.  8|  in.        tions  decreases  from 

left  to  right,  begin  at 

the  left  hand  and  divide   each    term  of  the  dividend  in   order, 

writing  the   quotient  under  the  term  divided,  and  reducing  the 

remainder,  if  any,  to  the  next  lower  denomination,  adding  the 

result  to  the  next  term  of  the  dividend,  and  then  dividing  as 

before.     The  process  is  similar  to  the  division  of  simple  numbers. 

25.  Divide  27  mi.  25  rd.  12  ft.  6  in.  by  12. 

26.  A  ship  sailed  39°  12'  40"  in  21  days :  how  far  did 
it  sail,  on  an  average,  each  day? 

27.  If  15  equal  bars   of  silver  contain  24  lb.  8  oz.  16 
pwt.,  what  is  the  weight  of  each  bar? 

28.  If  12    equal  bins  hold   430  bu.   2  pk.  'of  wheat, 
how  much  wheat  is  there  in  each  bin? 

29.  From   13  w.   5  d.    18  h.  40  min.  take  7  w.  23  h. 
45  min.,  and  divide  the  difference  by  15. 

30.  Add  4  mi.  23  rd.  3  yd.  2  ft.  and  7  mi.  16  rd.  1  ft., 
and  divide' the  sum  by  22. 

31.  From  the  sum  of  56  lb.    13  oz.  and  47  lb.  15  oz. 
take  their  difference,  and  divide  the  result  by  9. 

32.  The  length  of  a  solar  year  is  365  d.  5  h.  48  min. 
47£  sec. :  how  much  time  is  -^  of  a  solar  year  ? 
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Art.  170.  Compound  Multiplication  is  the  process 
of  taking  a  compound  number  a  given  number  of  times. 
The  multiplier  is  always  an  abstract  number. 

Art.  171.  Compound  Division  is  the  process  of  find- 
ing one  of  the  equal  parts  of  a  compound  number. 
(Art.  47,  3.) 

LONGITUDE  AND   TIME. 

Art.  172.  Longitude  is  distance  east  or  west  from  a 
given  meridian.  It  is  measured  in  degrees,  minutes, 
and  seconds.  Thus,  15°  24'  40"  east  longitude  denotes 
a  position  15°  24'  40"  east  of  the  meridian  from  which 
longitude  is  reckoned. 

Art.  173.  A  Meridian  is  an  imaginary  line  passing 
on  the  earth's  surface  from  pole  to  pole. 

All  meridian  lines  run  north  and  south,  and  when  the  rays 
of  the  sun  are  vertical  at  any  point  of  a  given  meridian,  it  is 
mid-day,  or  noon,  at  all  places  on  this  meridian  which  are  then 
lighted  by  the  sun.  One  half  of  every  meridian  circle  is  in  light, 
and  the  other  half  in  darkness. 

The  rotation  of  the  earth  on 
its  axis  gives  the  unit  of  time, 
called  a  day.  The  day  is  di- 
vided into  twenty-four  equal 
parts,  called  hours.  Since  the 
earth  rotates  on  its  axis  from 
west  to  east,  the  sun  appears 
to  revolve  around  the  earth 
from  east  to  west,  and  its  rays 
move  westward  at  the  same 
rate  over  the  earth's  surface. 

Hence,  when  it  is  noon,  or  twelve  o'clock,  at  any  place,  it  is 
past  noon  at  all  places  east  of  its  meridian,  and  before  noon  at 
all  places  west  of  its  meridian.  When  for  example  it  is  noon  at 
Cincinnati,  it  is  after  noon  at  New  York  and  before  noon  at 
St.  Louis, 
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ORAL     EXE  RCISES. 

1.  The  earth  rotates  on  its  axis  once  every  24  hours: 
what  part  of  a  rotation  does  it  make  in  1  hour? 

2.  Since  the  earth  rotates  once  every  24  hours,  how 
many  degrees  of  its  surface  pass  under  the  sun's  rays 
in  24  hours?     In  1  hour?     2  hours? 

3.  How  many  degrees  of  longitude  make  a  difference 
of  1  hour  in  time?     2  hours?    5  hours? 

4.  If  a  difference  of  15°  of  longitude  give  a  difference 
of  1  hour  in  time,  what  difference  in  longitude  will 
give  a  difference  of  1  minute  in  time? 

Solution.— If  a  difference  of  15°  of  longitude  give  a  difference 
of  1  hour,  or  60  minutes,  in  time,  a  difference  of  1°  of  longitude 
will  give  a  difference  of  T\  of  60  minutes  of  time,  which  is  4 
minutes;  and  if  4  minutes  of  time  require  1°  of  longitude,  1 
minute  of  time  will  require  £  of  1°  of  longitude,  which  is  15'. 

5.  If  15'  of  difference  in  longitude  give  a  difference 
of  1  minute  in  time,  what  difference  in  longitude  will 
give  a  difference  of  1  second  in  time. 

Note. — It  is  thus  seen  that  a  difference  of  15°  in  longitude 
gives  a  difference  of  1  h.  in  time  ;  a  difference  of  15/  in  longitude, 
a  difference  of  1  m.  in  time ;  a  difference  of  15"  in  longitude,  a 
difference  of  1  sec.  in  time. 

6.  What  difference  in  time  corresponds  to  a  differ- 
ence of  30°  of  longitude?     60°?    75°?    90°? 

7.  What  difference  in  time  corresponds  to  a  differ- 
ence of  30'  of  longitude?     45'?     60'?     75'? 

8.  What  difference  in  time  corresponds  to  a  differ- 
ence of  30"  of  longitude?     60"?     45"?     75"? 

9.  What  difference  in  time  corresponds  to  a  differ- 
ence of  45  °  of  longitude  ?    45'  ?    90'  ?    45"  ?    90"  ? 

10.  What  difference  in  longitude  corresponds  to  a 
difference  of  2  hours  in  time  ?     3  h.  ?     2  min.  ?     3  min.  ? 
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WRITTEN     PROBLEMS, 


11.  The  difference  in  longitude  between  two  places  is 
31°  45'  30":  what  is  the  difference  of  time? 


15)31* 


PROCESS. 

45' 


30" 


2  h.     7  min.     2 


sec. 


Since  15°  long,  give  1  hour  in 
time,  15/  long.  1  minute,  and 
15"  long.  1  secQnd,  divide  31° 
45'  30"  by  15,  as  in  compound 
division,  and  the  quotient  will 
be  the  difference  in  time. 


What  is  the  difference  in  time  between  two  places  whose  difference  in 
longitude  is: 

12.  10°  35'?  16.  18°  25'  30"? 

13.  9°  20'?  17.  56°  36'  12"? 

14.  16°  14'?  18.  17°  35'  15"? 


15. 


1'? 


19.  19°  45"? 


20.  The  difference  in  time  between  two  cities  is  1  h. 
35  min.  12  sec. :  what   is  their  difference  in  longitude  ? 

Since  1  h.  in  time  corresponds 
to  15°  in  long.,  1  min.  to  15',  1 
sec.  to  15",  multiply  1  h.  35 
min.  12  sec.  by  15,  as  in  com- 
pound multiplication,  and  the 
product  will  be  the  difference 
in  longitude. 

What  is  the  difference  in  longitude  between    two  places  whose  differ- 


PROCESS. 

1  h. 

35 

min. 

12 
15 

sec. 

23° 

48' 

0", 

Arts. 

ence  in  time  is: 

21.  1  h.  20  min.? 

22.  2  h.  10  min.  ? 

23.  3  h.  18  min.  12  sec.  ? 

24.  5  h.  40  sec? 


25.  45  min.  50  sec? 

26.  6  h.  12  min.  24  sec? 

27.  3  h.  42  min.? 

28.  46  min.  50  sec? 


29.  The  difference  in  longitude   between  two  cities  \» 
5°  31':  what  is  the  difference  in  time? 


142 


WHITE'S  NEW  COMPLETE  ARITHMETIC. 


DIFFERENCE   IN   CLOCK   TIME. 

Art.    174.      Since    the    earth    rotates    from    west    to 

east,    and   the   rays   of  the   sun   pass   over   the   earth's 

surface   from   east  to   west,   all   places   east   of  a  given 

meridian   have    the    faster    clock   time,   and    all   places 

west  of  it  the  slower  clock  time. 

Take,  for  illustration,  seven  places  15° 
apart,  as  shown  in  the  diagram.  When 
it  is  12  m.,  or  noon,  at  the  middle 
place  (d)  it  is  1  p.  m.,  2  p.  m.,  and  3 
p.  m.  respectively  at  the  three  places 
(*>/>  9)  east  °*  h>  an(l  H  A-  M-i  !0  a.  m., 
and  9  a.  m.  respectively  at  the  three 
,   places  (c,  b,  a)  west  of  it. 

30.  The  difference  in  clock  time  between  Cincinnati 
and  Philadelphia  is  37  min. :  when  it  is  noon  at  Cin- 
cinnati, what  is  the  time  at  Philadelphia?  When  it  is 
3  p.  m.  at  Philadelphia,  what  is  the  time  at  Cincinnati  ? 

31.  The  difference  in  clock  time  between  Cincinnati 
and  Boston  is  53  min.  25  sec. :  when  it  is  4  p.  m.  at 
Boston,  what  is  the  time  at  Cincinnati?  When  it  is 
10  a.  m.  at  Cincinnati,  what  is  the  time  at  Boston? 

32.  The  difference  in  clock  time  between  Philadelphia 
and  San  Francisco  is  3  h.  9  min.  1  sec. :  when  it  is  9 
A.  m.  at  Philadelphia,  what  is  the  time  at  San  Fran- 
cisco? When  it  is  1  p.  m.  at  San  Francisco,  what  is 
the  time  at  Philadelphia? 

33.  When  it  is  6  o'clock  at  Boston  what  is  the  hour 
of  day  30°  east  of  Boston?     45°  west  of  Boston? 

34.  When  it  is  9  o'clock  at  Chicago,  what  is  the  time 
15°  15'  east  of  Chicago?     15°  45'  west  of  Chicago? 

35.  When  it  is  12  o'clock  at  St.  Louis,  what  is  the  clock 
time  7°  west  of  St.  Louis?     16°  45'  east  of  St.  Louis? 

36.  Berlin  is  13°  23'  53"  E.  and  Boston  71°  4'  9"  W. : 
when  it  is  noon  at  Boston,  what  is  the  time  at  Berlin? 
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37.  Rome  is  12°  27'  14"  E.  and  Washington  77° 
2'  48"  W. :  when  it  is  9  a.  m.  at  Washington,  what 
is   the   clock   time   at   Rome? 


38.  The  difference  in  time  in  the  observations  of  an 
eclipse,  on  two  vessels  at  sea,  is  2  h.  15  min.  10  sec. : 
what  is  their  difference  in  longitude? 

39.  The  difference  in  time  between  New  York  and 
St.  Louis  is  1  h.  2J  min. :  what  is  the  difference  in 
their  longitude? 

40.  A  gentleman  left  Omaha  and  traveled  until  his 
watch  was  1  h.  3  min.  too  slow :  how  many  degrees  had 
he  traveled,  and  in  what  direction? 

41.  Two  captains  observed  an  eclipse  of  the  moon, 
one  seeing  it  at  9  p.  m.,  and  the  other  at  11-|  p.  m.  : 
what  was  the  difference  in  their  longitude? 

42.  An  eclipse  was  observed  at  New  York,  74°  W., 
at  9.30  p.  m.,  and  the  time  of  its  observation  on  a 
vessel  in  the  Atlantic  Ocean,  was  11.45  p.  m.  :  what 
was  the  longitude  of  the  vessel? 

43.  The  difference  in  time  between  the  chronometers 
of  two  observatories  is  45  min.  30  sec,  and  the  longi- 
tude of  the  observatory  having  the  faster  time  is  85° 
40'  W. :  what  is  the  longitude  of  the  other  observatory  ? 

44.  The  difference  between  Greenwich  time  and  Wash- 
ington time  is  5  h.  8  min.  11  sec,  and  the  difference 
between  Washington  time  and  Chicago  time  is  42  min. 
9  sec. :  what  is  the  longitude  of  Chicago,  the  longitude 
of  Greenwich  being  0? 

45.  The  longitude  of  Baltimore  is  76°  37'  W. ;  of  Cin- 
cinnati, 84°  26'  W. ;  of  Chicago,  87°  35'  W. ;  and  of 
San  Francisco,  122°  26'  15"  W. :  when  it  is  noon  at 
Cincinnati,  what  is  the  time  of  day  at  Baltimore?  At 
Chicago?     At  San  Francisco? 
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FORMULAS  AND  RULES. 

Art.  175.  The  correspondences  between  differences 
of  longitude  and  differences  of  time  are  as  follows : 

15°  diff.  in  long,  gives  a  diff.  of  1  h.  in  time. 
15'  diff.  in  long,  gives  a  diff.  of  1  m.  in  time. 
15"  diff.  in  long,  gives  a  diff.  of  1  sec.  in  time. 

Art.  176.  1.  To  find  the  difference  in  time  corre- 
sponding to  any  difference  in  longitude : 

Rule. — Divide  the  difference  in  longitude,  expressed  in  de- 
grees, minutes,  and  seconds,  by  15,  and  the  respective  quotients 
will  be  hours,  minutes,  and  seconds  of  time. 

2.  To  find  the  difference  in  longitude  corresponding 
to  any  difference  in  time : 

Rule. — Multiply  the  difference  in  time,  expressed  in  hours, 
minutes,  and  seconds,  by  IS,  and  the  respective  products  will 
be  degress,  minutes,  and  seconds  of  longitude. 

3.  To  find  the  time  at  one  place  when  the  time  at 
another  place   and   their   difference   of  time   are  given : 

Rule. —  When  the  second  place  is  east  of  the  first,  add 
their  difference  of  time;  when  it  is  west  of  the  first,  subtract 
their  difference  of  time. 

Notes. — 1.  Since  every  circle  is  divided  into  360  degrees,  the 
length  of  a  degree  depends  upon  the  size  of  the  circle  of  which 
it  is  a  part;  and  hence  the  length  of  a  degree  of  longitude  de- 
pends upon  the  latitude  of  the  parallel  on  which  it  is  measured. 
It  is  greatest  at  the  equator,  where  it  is  69£  miles,  nearly ;  and 
least  at  the  poles,  where  it  is  nothing.  A  degree  of  longitude  at 
Washington  contains  about  54  miles,  and  a  degree  at  Boston 
about  51  miles. 

2.  If  the  distance  in  miles  between  any  two  places  on,  or  near, 
the  same  parallel  be  given,  the  difference  in  clock  time  may  be 
found  by  first  reducing  the  miles  to  degrees ,  but  problems  in- 
volving the  conversion  of  distance  in  miles  to  time,  and  vice  versa, 
have  little  practical  value. 
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METRIC  MEASURES. 

Art.  177.  The  Metric  System  is  a  system  of  weights 
and  measures  expressed  on  the  decimal  scale. 

The  system,  first  adopted  by  France,  is  now  in  use  in  nearly 
all  the  countries  of  Europe.  The  use  of  the  system  in  the 
United  States  was  legalized  by  Congress  in  1866,  and  it  is  em- 
ployed, to  some  extent,  in  several  departments  of  the  govern- 
ment service.  It  has  long  been  used  by  the  Coast  Survey.  Its 
convenience  and  accuracy  have  secured  its  very  general  adoption 
in  the  sciences  and  in  the  arts. 

Art.  178.  The  Meter  is  the  primary  unit  of  the 
system,  all  the  other  units  of  measure  being  derived 
from  it.  It  is  the  length  of  a  bar  of  metal  kept  at 
Paris  as  a  standard. 

The  meter  was  intended  to  be  the  ten-millionth  part  of  the 
distance  from  the  equator  to  the  north  pole,  but  subsequent 
measurements  of  this  quadrant  show  that  its  length  is  a  little 
more  than  ten  million  meters. 

A  standard  meter,  copied  from  the  one  at  Paris,  is  kept  by 
each  nation  that  has  adopted  the  Metric  System.  The  standard 
meter  of  the  United  States  is  kept  at  Washington.  Its  length  is 
39.37  inches. 

Art.  179.     The  principal  metric  units  are: 

The  Meter,  for  lengths. 

The  Square  Meter,  for  surfaces. 

The  Cubic  Meter,  for  large  volumes. 

The  Liter  (le'-ter),  for  smaller  volumes. 

The  Gram,  for  weights, 

Note.— The  teacher  should  be  supplied  with  a  meter,  and  the 
other  more  important  metric  measures. 
N.  c.  A.— 10, 
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Art.  180.  The  meter,  liter,  and  gram  are  each  mul- 
tiplied by  10,  100,  1000,  and  10000,  giving  multiple  units, 
and  they  are  also  each  divided  by  10,  100,  1000,  giving 
the  decimal  subdivisions  of  tenths,  hundredths,  thou- 
sandths, etc. 

The  multiples  are  named  by  prefixing  to  the  name 
of  the  primary  unit,  or  base,  the  Greek 
numerals,  deka  (10),  hekto  (100),  kilo  (1000), 
and  myria  (10000) ;  and  the  subdivisions 
are  named  by  prefixing  the  Latin  numerals, 
deci  (10th),  centi  (100th),  and  milli  (1000th). 

I.  Measures  of  Length. 


Art.  181.  The  principal  unit  is  the 
meter  (m).  Its  successive  multiples  and 
subdivisions  correspond  to  the  successive 
orders  of  units  in  the  decimal  system,  the 
meter  corresponding  to  units,  the  deka- 
meter  to  tens,  the  hektometer  to  hun- 
dreds, etc. ;  and  the  decimeter  to  tenths, 
the  centimeter  to  hundredths,  and  the 
millimeter  to  thousandths,  as  follows: 
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Multiples.  Subdivisions. 

The  correspondence  between  the  metric  de- 
nominations and  those  of  United  States  money 
is  noticeable,  the  meter  corresponding  to  dollars, 

the  decimeter  to  dimes,  the  centimeter  to  cents,  and  the  millimeter 

to  mills,  as  shown  by  the  following  scale: 
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H   K  h  «       Q  o  3 

4321.123 

The  metric  measures  of  length  in  common  use  are  the  meter, 
which,  like  the  yard,  is  used  in  measuring  short  distances,  and  the 
kilometer,  which,  like  the  mile,  is  used  in  measuring  long  distances. 

Note. — All  the  compound  metric  names  are  accented  on  the 
first  syllable,  as,  mil'-li-meter,  kil'-o-meter,  etc 


ORAL     EXERCISES. 

1.  How  many  meters  in  a  dekameter?  How  many 
dekameters  in  a  hektometer?  How  many  hektometers 
in  a  kilometer? 

2.  What  part  of  a  meter  is  a  decimeter?  What  part 
of  a  decimeter  is  a  centimeter?  What  part  of  a  centi- 
meter is  a  millimeter? 

3.  How  many  units  of  any  metric  denomination  of 
length  equal  one  unit  of  the  next  higher? 

4.  How  many  meters  in  a  hektometer?  In  a  kilo- 
meter?    In  a  dekameter? 

5.  What  part  of  a  meter  is  a  centimeter?  A  milli- 
meter?    A  decimeter? 

6.  Name  the  metric  units  of  length  from  meter  to 
myriameter,  inclusive.     From  meter  to  millimeter. 

7.  Read  64,5m ;  13,5cm ;  62.4Km ;  10.14Dm;  36.8Hm 

8.  Read  4867.35m  in  the  different  metric  denominations 
that  compose  it. 

WRITTEN     EXERCISES. 

9.  Write  6Dm,  4m,  5cm,  8mm  in   one   number  as  meters. 

Arts.  64.058  m 

10.  Write  7Km,  6Dm,  3m,  4dm,  7cm  in  one  number  as  meters. 

11.  Write  5Hm,  7m,  6cm,  4mm  in   one  number  as  meters. 
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12.  Reduce  2.54Km  to  meters;  to  centimeters. 
process.  Multiply  2.54Km  by  1000  by  removing  the 

decimal  point  three  places  to  the  right  (Art. 
2.54Km  =  2o40m  123^  and  muitiply  2540m  by  100  by  removing 

2540m  =  254000cm     the  decimal  point  two  more  places  to  the  right 

13.  Reduce  4.82Hm  to  meters. 

14.  Reduce  58.6oKm  to  dekameters. 

15.  Reduce  2.65dm  to  millimeters. 

16.  Reduce  5.29Hm  to  meters. 

17.  Reduce  14.6Dm  to  decimeters. 

18.  Reduce  341. 5mm  to  centimeters;   to  meters. 
process.  Divide   341.5mm  by  10   by  removing  the 

041  cmm oA-t  ccm     decimal  point  one  place  to  the  left  (Art.  125), 

cm  ~~       rm    and  this  (iuotient  hy  10°  hy  rem°ving  the 

o4.15cm   =  .o41om      decimal  point  two  more  places  to  the  left. 

19.  Reduce  307.5cm  to  meters. 

20.  Reduce  487.6dm  to  dekameters. 

21.  Reduce  3076.24cm  to  hektometers. 

II.   Measures  of  Surface. 

Art.  182.  The  principal  unit  is  the  Square  Meter. 
The  other  units  are  the  squares  of  the  multiples  and 
the  squares  of  the  subdivisions  of  the  meter. 

Art.  183.  Since  the  square  of  10  is  100,  and  the  square 
of  .1  is  .01,  the  successive  metric  units  of  square  measure 
occupy  two  orders  of  figures,  thus : 


a  2  a  -  -  a 

m  a  a  a  £  s  a 

c  61  a1  o"  a1  cr  6" 

OQ  CO  CC  CO  CO  CO  CO 


0000000.000000  r  s+quarf 

Centimeter. 

The  square  meter  is  used  in  measuring  ordinary  surfaces,  and 
the  square  kilometer  in  measuring  large  surfaces,  as  the  areas 
d  countries. 
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LAND    MEASURE. 


Art.  184.  In  measuring  land  the  square  meter  is 
called  the  centar  (ca),  the  square  dekameter  an  ar  (a), 
and  the  square  hektometer  a  hektar  (Ha),  the  principal 
unit  being  the  ar. 

Since  100  centars  equal  1  ar,  and  100  ars  equal  one  hek- 
tar, the  successive  units  occupy  two  orders  of  figures,  thus : 


0  0  0.00 

It  is  seen   that  the  centars  are  written  as  hundredths  of  an 
ar,  as  cents  are  written  as  hundredths  of  a  dollar. 

ORAL      EXERCISES. 

1.  How  many  sq.  meters  in  a  sq.  dekameter? 

2.  How  many  sq.  dekameters   in   a  sq.  hektometer? 

3.  What  part  of  a  sq.  meter  is  a  sq.  decimeter? 

4.  What  part  of  a  sq.  meter  is  a  sq.  millimeter? 

5.  Name  the  metric  units  of  surface  from  sq.  meter  to 
sq.  kilometer,  inclusive.    From  sq.  meter  to  sq.  milimeter. 

6.  How  many  ars  in  a  hektar?     What  part  of  an  ar 
is  a  centar? 

7.  Read  87.5  8qm;  3.86sq-Km;  315.7  8q-cm;  45.48q-mm 

8.  Read  23.7';  67.05Ha;  200ca;  307.6ca;  4.07a 

WRITTEN     EXE-RCISES. 

9.  Write   68q-Dni,   5sqm,   8sq-dm,  in  one  number  as   sq. 
meters.  Ans.  605.08 sqm 

1 0.  Write  6 sq- m,  7 sq- dm,  4 sq- cm,  in  one  number  as  sq.  meters. 

11.  Write  9ha,  4  a,  6ca,  in  one  number  as  ars. 

12.  Reduce  45.06 8qDm  to  sq.  meters;  to  sq.  decimeters. 
45.06 ,q-  Dm  =  4506.,q-  m  =  450600.,q- dm 
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1 3.  Reduce  2.25  gq-  Km  to  sq.  hektometers ;  to  sq.  deka- 
meters ;  to  sq.  meters. 

14.  Reduce  2.005  sq-  m  to  sq.  centimeters. 

15.  Reduce  2400sq-cm  to  sq.  decimeters;   to  sq.  meters. 

process  :  2400 sq- cm  =  24 sq- dm  =  .24 sq-  m 

16.  Reduce  405  a  to  hektars;  to  centars. 

III.  Measures  of  Volume. 

Art.  185.  The  primary  unit  of  the  measures  of 
volume  is  the  Cubic  Meter. 

The  higher  units  are  not  used,  and  the  chief  use  of 
the  cubic  decimeter  and  cubic  centimeter  is  to  furnish 
a  basis  for  the  measure  of  capacity  and  weight. 

Since  .1  X  .1  X  .1  =  .001,  .01  X  .01  X  .01  =  .000001, 
each  lower  unit,  or  denomination,  occupies  three  deci- 
mal orders,  thus: 


a 

p            a            a 

0 

W 

0              s              ri 

0  . 

000000000 

Cubic  Centimeter. 

In  measuring  wood  the  cubic  meter  is  called  a  ster  (stair), 
and  one  tenth  of  a  ster  a  decister,  and  ten  sters  a  dekaster. 
The  ster  is  not  used  in  this  country,  and  is  not  likely  to  take 
the  place  of  the  cord. 

ORAL      EXERCISES. 

1.  How  many  cu.  centimeters  in  a  cu.  decimeter? 

2.  How  many  cu.  decimeters  in  a  cu.  meter? 

3.  What  part  of  a  cu.  meter  is  a  cu.  decimeter? 

4.  What  part  of  a  cu.  decimeter  is  a  cu.  centimeter? 

5.  How  many  cu.  centimeters  in  a  cu.  meter? 

6.  Name  the  metric  units  of  volume  from  cu.  meter 
to  cu.  millimeter,  inclusive. 
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IV.  Measures  of  Capacity. 

Art.  186.  The  principal  unit  is  the  Liter.  It  equals 
a  cubic  decimeter. 

The  successive  multiples  and  subdivisions  of  the 
liter,  like  those  of  the  meter,  are  written  on  the  deci- 
mal scale  thus : 

£  ^  L  |      £  £  £ 

S  a    *  S        S3  I   S 

|  -s  -|  o     ^  a  -s 

M   K    P    h!         P    O   S 

0  0    0   0.    000 

The  fe-  is  used  in  measuring  liquids,  and  the  hektoliter  in 
measuring  grains,  seeds,  roots,  etc.  The  kiloliter  equals  a  cubic 
meter. 

Note. — When  the  three  dimensions  of  a  regular  solid  are  ex- 
pressed in  decimeters,  their  continued  product  will  be  the  contents, 
or  capacity,  in  liters. 

ORAL      EXERCISES. 

1.  Name  the  metric  units  of  capacity  from  liter  to 
kiloliter,  inclusive.     From  liter  to  milliliter. 

2.  How  many  liters  in  a  dekaliter  ?  How  many  dekali- 
ters in  a  hektoliter  ?    How  many  hektoliters  in  a  kiloliter  ? 

3.  What  part  of  a  liter  is  a  deciliter?  What  part 
of  a  deciliter  is  a  centiliter?  What  part  of  a  centiliter 
is  a  milliliter? 

4.  How  many  units  of  any  metric  denomination  of 
capacity  equal  one  unit  of  the   next  higher? 

5.  How  many  liters  in  a  kiloliter?     In  a  hektoliter? 

6.  What  part  of  a  liter  is  a  centiliter?     A  milliliter? 

7.  Read  64.35  ] ;  13.5 cl;  62.44  m;  10.74  K1 ;  36.08  H1; 
87.45 dl;  1600  ml ;  15.4  m. 

8.  Read  5876.347 1  in  the  different  metric  denomina- 
tions that  compose  it. 
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WRITTEN     EXERCISES. 

9.  Write  7D1,  4',  5dl,  6cl  in  one  number  as  liters. 

10.  Write  9K1,  6D1,  51,  3cl,  9mI  in  one  number  as  liters. 

11.  Reduce  4.644 HI  to  liters;  to  deciliters. 

process  :  4.644  m  =  464.4 '  =  4644.dl 

12.  Reduce  3.75 D1  to  liters;  to  centiliters. 

1 3.  Reduce  .529  K1  to  liters ;  to  deciliters. 

14.  Reduce  3400 cl  to  liters. 

process:  3400 cl  =34.' 

15.  Reduce  4.05'  to  hektoliters ;  to  kiloliters. 

16.  Reduce  45.6 '  to  hektoliters;  to  centiliters. 

V.  Measures  of  "Weight. 

Art.  187.  The  principal  unit  is  the  Gram,  the  weight 
of  a  cubic  centimeter  of  pure  water  at  its  greatest  density. 

The  successive  multiples  and  subdivisions  are  writ- 
ten on  the  decimal  scale,  thus : 


S  I  I  £      ill 

a  g  *  g     1  g  I 

tf   S    O    o  Q    O    S 

0  0   0  0    .    0    0  0 

A  thousand  kilograms  is  a  Metric  Ton  (T.),  which  is  the  weight 
of  a  cubic  meter  of  water. 

A  liter  of  water,  at  its  greatest  density,  equals  a  kilogram,  also 
called  a  Kilo. 

The  gram,  kilogram  (kilo),  and  the  metric  ton  are  the  units 
of  weight  in  use,  the  gram  being  used  in  weighing  letters,  gold, 
and  jewels,  and  in  mixing  medicines,  the  kilogram  in  weighing 
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such  common  articles  as  sugar,  coffee,  etc.,  and  the  metric  ton  in 
weighing  such  bulky  articles  as  coal,  hay,  etc.  The  smaller 
weights  are  used  by  jewelers,  druggists,  chemists,  etc.,  when 
great  accuracy  is  required. 

Note. — The  nickel  five-cent  piece  weighs  5  grams,  and  two 
silver  half-dollars  25  grams.  The  weight  of  a  letter  for  single 
postage  (2  cts.)  must  "not  exceed  the  weight  of  6  nickels  (30 
grams).     The  nickel  is  2  centimeters  in  diameter. 


ORAL      EXERCISES. 

1.  Name  the  metric  units   of  weight  from   gram  to 
kilogram,  inclusive.     From  gram  to  milligram. 

2.  How  many  grams  in   a   dekagram?     In  a  hekto- 
gram?     In  a  kilogram? 

3.  What  part  of  a   gram   is   a   decigram?     A  centi- 
gram?    A  milligram? 

4.  How    many   grams    in    5    hektograms?     6    deka- 
grams ?     7  kilograms  ? 

5.  How  many  decigrams   in   5   grams?     How   many- 
centigrams?     How  many  milligrams? 

6.  Read  3.25  Kg;  .456  *B;  500  cg;  34.6  g;  740.78  Dg. 

7.  Read  708.03 dg;  989 m»;  7.83  Hg;  50.63  g. 

8.  Read  7806.587  g  in  the  different  metric  denomina- 
tions that  compose  it. 

WRITTEN     EXERCISES. 

9.  Write  5  Kg,  6  Dg,  8 g,  9  cg  in  one  number  as  grams. 

1 0.  W'rite  9  Hg,  7  Dg,  5  dg,  6 cs  in  one  number  as  grams. 

1 1.  Reduce  234.56  Hg  to  grams ;  to  decigrams. 

process  :  234,56  Hg  =  23456 g  ==  234560 dg. 

12.  Reduce  745.8  Kg  to  dekagrams;  to  grams. 

13.  Reduce  690 c"  to  grams;  to  hektograms. 

process  :  690 cg  =  6.9 g  =  .069  Hg 

14.  Reduce  746.35 dg  to  grams;  to  kilograms. 
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VI.  Metric  Equivalents. 


Note. — These  tables  need  affr  be  committed  to  memory. 


LONG    MEASURE. 


1  meter 


{i 


int 
.0936  yards. 
1  yard        =       .9144  meter. 
1  kilometer  =       .6214  mile. 
1  mile         =     1.6093  Km. 


SQUARE    MEASURE. 

1  sq.  meter       — .  1.196  sq.  yards. 
1  sq.  yard        =    .8361  sq.  m. 
1  so.  decimeter  =  .1076  sg.  /L 
1  sq.  foot  =  9.2903  sq.  dm. 

1  hektar  =  2.471  acres. 

1  acre  =    .4047  ha. 


CAPACITY   MEASURE. 

1  liter       =  (•*»'***■ 
( .0284  bu. 

1  dry  qt.  =     1.101  Z^ers. 

2  Zifer       =     1.0567  Kg.  qt. 
1  %  g*.  =     .9463  liter. 


WEIGHT. 


1  gram 


_  f  15.432  or.  froy. 
I    .0353  oz.  avoir. 


1  lb.  av.     =  .4536  kilogram. 

1  kilogram  =  2.2046  Z6.  aroir. 

1  w?#.  ton.  =  1.102  com.  ton. 

1  com.  ton  =  .907  mcf.  ton. 


CUBIC   MEASURE. 

1  cubic  meter  =  1.308  cu.  yards. 
1  cw6ic  yard  =.7646  cu.  meter. 
1  ster 
1  cord 


.2759  core?. 
3.624  sters. 


1  cm.  cm.  of  water  =  1  oram. 
1  cm.  dm.  of  water  =  1  liter. 
1  ftfer  o/  water      =  1  kilogram. 
1  cm.  m.  of  water  =  1  met.  ton. 


WRITTEN     EXERCISES. 


1.  How  many  yards  in  220  meters? 
process:  39.37  in. X 220^-12^3=240.59+.    Ans.  240.59  yd. 


2.  How 

3.  How 

4.  How 

5.  How 

6.  How 

7.  How 

8.  How 

9.  How 
10.  How 


many  miles  in  44.5  kilometers? 

many  inches  in  24  centimeters? 

many  bushels  in   250  hektoliters   of  wheat? 

many  gallons  in  37^  liters  of  sirup? 

many  pounds  of  butter  in  150  kilos? 

many  liters  in  35  liquid  quarts? 

many  sters  in  20  cords  of  wood? 

many  ars  in  f  of  an  acre? 

many  meters  in  1760  feet? 
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PRACTICAL     PROBLEMS. 

1.  Add  45.6 m,  3.48  Dm,  460 dm,  3.6  m,  and  340 cm 

2.  Add  74.06',  88.8  D1,  .687  K1,  47.6 cl,  and  450  ml 

3.  From  8.46  Kg  take  6.5  g  +  340 cg 

4.  What  is  the  weight  of  54 '  of  water  in  kilograms  ? 

5.  How  many  liters  of  water  in  94.5  Ks  ? 

6.  How  many  sq.  decimeters  in  a  piece  of  tin  6 m 
long  and  2.5  m  wide  ? 

7.  How  many  ars  in  a  garden  54 m  long  and  30 m 
wide? 

8.  How  many  sq.  meters  in  a  floor  9.25  m  long  and 
6.8  m  wide?     12.45  m  long  and  8.6m  wide? 

9.  A  farmer  sold  five  loads  of  hay,  weighing  re- 
spectively 4286.5  Kg,  3987.45  5g,  4536  Kg,  4098.6  Kg,  and 
4186.4 Kg,  at  S14.50  per  metric  ton :  how  much  did  he 
receive  ? 

10.  If  a  pipe  discharge  6.54 '  a  minute,  how  many 
hektoliters  will  it  discharge  in  an  hour?     In  a  day? 

11.  An  empty  bottle  weighs  380 g,  and  when  filled 
with  water  it  weighs  .985  Ks :  what  part  of  a  liter  does 
it  hold? 

12.  How  many  pills,  each  weighing  1.2 d;,  can  be 
made  from  2.4  Hg  of  calomel  ? 

13.  How  many  rings,  each  weighing  4.3 g,  can  be 
made  from  a  bar  of  gold  weighing  47.3  s? 

14.  Milk  is  1.03  as  heavy  as  water:  how  many  kilo- 
grams of  water  equal  in  weight  16.5  *  of  milk? 

1 5.  A  vessel  holds  25.5  Kg  of  milk :  what  is  the  milk 
worth  at  6  cts.  a  liter? 

16.  A  merchant  bought  160 m  of  broadcloth  at  $3.25 
per  meter,  and  sold  ^  of  it  at  83.90  per  meter,  and  the 
pther  half  at  $3.75  per  meter :  what  did  he  gain  ? 
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17.  A  man  sold  40.65Ha  of  land  at  894  per  hektar*. 
what  was  the  value  of  the  land? 

18.  A  farmer  sold  150.85  H1  of  potatoes  at  $2.40  per 
hektoliter :  how  much  did  he  receive  ? 

19.  A  grocer  bought  5.4 H1  of  cranberries  at  $6.50  per 
hektoliter,  and  sold  them  at  8  cts.  a  liter:  what  was 
his  gain?    4 

20.  The  large  wheel  of  a  bicycle  is  5.8 m  in  circum- 
ference: how  many  times  will  it  rotate  in  going  11.6  Km? 

21.  If  a  liter  of  air  weighs  1.273  s,  what  is  the  weight 
in  kilos  of  the  air  in  a  room  which  contains  78cu-m? 

22.  If  a  pipe  discharge  14.6 '  in  a  minute,  how  many 
hektoliters  will  it  discharge  in  2  hours? 

23.  A  gasometer  holds  6400 cum  of  gas:  if  filled  with 
gas,  how  many  hours  would  it  supply  50  jets,  each 
burning  120 l  an  hour? 

24.  A  milk  dealer  sold  8  cans  of  milk,  each  contain- 
ing 42.5 ',  at  5 \  cts.  a  liter :  how  much  did  he  receive  ? 

25.  A  dairy  of  10  cows  yielded  in  one  season  120  HI 
of  milk  and  450  Ks  of  butter ;  the  milk  was  sold  at  an 
average  of  6J  cts.  per  liter;  and  the  butter,  at  56  cts. 
per  kilo :  what  were  the  season's  receipts  in  money  ? 

26.  A  grocer  bought  25  casks  of  X.  O.  sugar,  weigh- 
ing 260  Ks  each,  at  loh  cts  per  kilo,  and  sold  the  sugar 
at  18  cts.  per  kilo :  how  much  did  he  gain  ? 

27.  How  much  will  it  cost  to  plaster  the  ceiling  of  a 
room  that  is  8.5  m  square  at  24  cts.  a  sq.  meter? 

28.  A  merchant  imported  18288 m  of  silk  at  a  cost 
of  82.40  per  meter,  and  sold  it  at  82.75  per  yard :  how 
much  did  he  gain? 

29.  A  grocer  bought  8808 1  of  molasses  at  6h  cts.  per 
liter,  and  sold  it  at  35  cts.  a  gallon :  how  much  did 
he  gain? 

30.  A  merchant  imported  4412  Kg  of  Malaga  raisins  at 
a  cost  of  30  cts.  a  kilo,  and  sold  the  lot  at  25  cts,  a 
pound :  how  much  did  he  make  ? 
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MEASUREMENT  OF  PLANE  SURFACES. 

PRELIMINARY    DEFINITIONS. 

Note. — For  the  definitions  of  a  line,  angle,  surface,  plane,  rect- 
angle, square,  and  area,  see  Arts.  145-153.  These  definitions 
should  here  be  reviewed. 

Art.  188.  A  Triangle  is  a  plane 
figure  bounded  by  three  straight 
lines  and  having  three  angles. 

Art.  189.  A  Right-angled  Tri- 
angle is  a  triangle  having  a  right 
angle. 

One  of  the  sides  including  the 
right  angle  is  called  the  Base,  and 
the  other  the  Perpendicular  or 
Altitude.     (Art.  370.) 

Art.  190.  A  Circle  is  a  plane 
bounded  by  a  curved  line,  all 
points  of  which  are  equally  distant 
from  a  point  within  called  the 
center.     (Art.  158,  note  2.) 

The  curved  line  wThich  bounds 
a  circle  is  its  Circumference. 

Art.  191.  The  Diameter  of  a  circle  is  a  straight 
line  passing  through  the  center  and  terminating  on 
both  sides  in  the  circumference.  One  half  of  a  diameter 
is  a  Radius. 

All  the  diameters  of  a  circle  are  equaL 


Base. 
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ORAL     PROBLEMS, 


t— t— 


5  In. 


1.  How  many  square  inches  in 
a  piece  of  paper  5  inches  long  and 
1  inch  wide?  5  in.  long  and  3  in. 
wide  ? 


Note. — All    the    surfaces    referred    to 
in    this    and    the    following    sixteen    problems    are    rectangles. 

2.  How  many  square  inches  in  a  piece  of  tin  12 
inches  long  and  1  inch  wide?     8  in.  wide? 

3.  How  many  square  inches  in  a  pane  of  glass  10 
in.  long  and  8  in.  wide?  12  in.  long  and  10  in.  wide? 
10  in.  square?     12  in.  square? 

4.  How  many  square  feet  in  a  piece  of  zinc  4  feet 
long  and  3  feet  wide?    5  ft.  long  and  4  ft.  wide? 

5.  How  many  square  feet  in  a  piece  of  oil-cloth 
7  feet  long  and  3  feet  wide?  8  ft.  long  and  6  ft. 
wide? 

6.  How  many  square  feet  in  the  floor  of  a  room  20 
ft.  by  15  ft.  ?     30  ft.  by  24  ft.  ?    50  ft.  by  30  ft.  ? 

Note. — The  dimensions  of  a  plane  figure  are  usually  expressed 
by  writing  the  word  "  by,"  or  the  sign  "  X,"  between  the  figures 
denoting  the  length  and  width. 


7.  How  many  square  yards  in  a  pavement  40  yd. 
by  5  yd.  ?  50  yd.  by  4  yd.  ?  80  yd.  by  5  yd.  ?  50 
yd.  by  72  yd.  ?    50  yd.  X  40  yd.  ? 

8.  How  many  square  miles  in  a  township  5  miles 
square?     6  miles  square? 

9.  Show  that  the  area  of  a  piece  of  paper  6  inches 
long  and  4  inches  wide  is  4  times  6  sq.  inches. 

10.  Show  that  the  area  of  any  rectangle  is  found  by 
multiplying  the  number  of  square  units  corresponding  to  the 
number  of  linear  units  in  its  length  by  the  number  of  linear 
units  in  its  width. 
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WRITTEN     PROBLEMS. 

1 1.  How  many  square  feet  in  a  floor  37J  ft.  by  23  ft.  ? 

process:  37.5  sq.  ft.  X  23  =  862.5  sq. -ft. 

12.  How  many  square  yards  in  a  walk  124.5  yd.  by 
3.25  yd.?    205.14  yd.  by  5.5  yd.? 

13.  How  many  square  feet  in  the  walls  of  a  room  24 
ft.  by  18f  ft.  and  10J  ft.  high?  In  the  ceiling?  How 
many  square  yards  in  the  wTalls  and  ceiling? 

14.  How  many  square  rods  in  a  farm  134  rods  long 
and  52.5  rods  wide?     How  many  acres? 

15.  How  many  square  feet  in  a  city  lot  62 h  ft.  front 
by  208  ft.  deep?     How  many  square  yards? 

1 6.  A  garden  containing  3267  square  yards  is  49^ 
yards  wide :  how  long  is  it  ? 

17.  A  street  containing  840  square  rods  is  252  rods 
long:  how  wide  is  it? 

18.  How  many  square  inches  in  a  right-angled  tri- 
angle, whose   base    is   8   inches   and   whose   altitude   is 

6  inches? 

process.  A P 

8  sq.  in.Xj  of  6=24  sq.  in.  Arts. 
Or,  8  sq.  in  X  6--2=24  sq.  in. 

The  area  of  a  right-angled  triangle  is 
£  of  the  area  of  a  rectangle,  having 
the  same  base  and  altitude.     The  tri-        B  8  In.  c 

angle  ABC  is  \  of  the  rectangle  ABCD. 

The  area  of  any  triangle   equals  the   base  multiplied  by  one  half 
the  altitude. 

19.  How  many  square  yards  in  a  triangular  garden 
whose  base  is  54.5  yards,  and  altitude  33.2  yards? 

20.  How  many  acres  in  a  triangular  field  whose  base 
is  80  rods,  and  altitude  50  rods? 

21.  A  triangle  contains  270  sq.  in.,  and  the  base  is 
36  in. :  what  is  its  altitude  ? 
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22.  The  diameter  of  a  circle  is  10  feet:  what  is  its 
circumference  ? 

process:  10  ft.  X  3.1416  =  31.416  ft.,  Am. 

It  is  shown  by  geometry  that  the  circumference  of  a  circle  is 
3.1416  (nearly  3f)  times  the  diameter. 

23.  The  diameter  of  a  circular  pond  is  60  yards: 
what  is  its  circumference? 

24.  How  many  square  inches  in  a  circular  piece  of  tin 
12  inches  in  diameter  ? 

PROCESS. 

12  in.  X  3.1416  =  37.6992  in.,  circum. 

37.6992  sq.  in.  X  £  of  12  =  113.0976  sq.  in. 

A  circle  may  be  considered 
as  made  up  of  triangles  whose 
bases  form  the  circumference, 
and  whose  altitude  is  the  radius 
(|  diameter)  of  the  circle.  This 
is  clearly  illustrated  by  the  cut 
at  the  left. 

25.  The  diameter  of  a  cir- 
cular room  is  40  feet :  how  many  square  feet  in  the  floor? 

26.  The  diameter  of  a  circle  is  16  inches :  how  many 
square  inches  in  its  area? 

27.  How  many  square  feet  in  a  circle  whose  diameter 
is  20  feet? 

28.  A  horse  is  tied  to  a  stake  by  a  rope  40  feet  long : 
on  how  much  surface  can  the  horse  graze? 

Suggestion. — The  surface  is  a  circle  80  feet  in  diameter. 

Art.  192.     1.  To  find  the  area  of  a  rectangle : 
Rule. — Multiply  the   number  of  square  units   correspond- 
ing to  the  linear  units  in  its  length  by  the  number  of  linear 
units  in  its  width. 

Note. — This  is  the  true  meaning  of  the  common  rule,  "Mul- 
tiply the  length  by  the  width."  The  length  is  a  line,  and  a  line 
multiplied  by  any  number  does  not  give  surface. 
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2.  To  find  either  side  of  a  rectangle : 

Rule. — Divide  the  area  by  the  number  of  square  units 
corresponding  to  the  linear  units  in  the  other  side. 

3.  To  find  the  area  of  a  triangle: 

Rule. — Multiply  the  number  of  square  units  correspond- 
ing to  the  linear  units  in  the  base  by  one  half  the  alti- 
tude. 

4.  To  find  the  area  of  a  circle: 

Rule. — Multiply  the  number  of  square  units  correspond- 
ing to  the  linear  units  in  the  circumference  by  one  fourth 
of  the  diameter. 

Notes. — 1.  The  two  dimensions  of  a  surface  (length  and  width) 
must  be  in  the  same  denomination. 

2.  The  multiplier  in  the  1st,  3d,  and  4th 
rules  above  is  an  abstract  number. 

3.  It  is  shown  by  geometry  that  the  area  of 
a  circle  is  .7854  of  the  area  of  a  square  whose 
sides  are  equal  to  its  diameter.  Hence  the  area 
of  a  circle  may  be  found  by  multiplying  the 
square  of  the  diameter,  considered  as  square  units, 
by  .7854. 


APPLICATIONS  OF  SURFACE  MEASUREMENTS. 

I.    Carpeting  Rooms. 

Art.  193.  The  number  of  yards  of  carpeting  re- 
quired to  carpet  a  room  is  found  by  multiplying  the 
number  of  yards  in  each  strip  by  the  number  of  strips. 

Note. — The  number  of  yards  of  carpeting  required  to  carpet 
a  room  depends  (1)  on  the  size  of  the  room,  (2)  on  the  direction 
in  which  the  strips  run,  and  (3)  the  loss  occasioned  by  matching 
the  figures.  If  the  length  or  width  of  the  room,  as  the  case  may 
be,  is  not  a  multiple  of  the  width  of  the  strips,  a  part  of  an  outside 
strip  must  be  turned  under  or  cut  off,  and  the  proper  matching  of 
the  figures  may  require  the  turning  under  or  cutting  off  of  the 
carpet  at  one  end.  In  large  carpet  stores  the  loss  from  matching 
figures  is  avoided  by  cutting  the  strips  from  different  rolls.  Car- 
pets are  sold  by  Long  Measure. 


Cir.  =  .78o4 


of  Square. 
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WRITTEN      PROBLEMS. 

1.  How  many  yards  of  carpeting  1  yard  wide  will 
be  required  for  a  floor  24  ft.  long,  17  ft.  3  in.  wide,  if 
the  strips  run  lengthwise,  and  there  be  a  waste  of  6  in. 
in  matching  figures?  How  much  will  be  turned  under 
or  cut  off  at  the  side  ?     At  the  end  ? 

Suggestion. — It  will  require  6  strips  of  carpeting,  each  8£ 
yards  long. 

2.  How  many  yards  of  carpeting  1  yard  wide  will 
carpet  the  above  room,  if  the  strips  run  across  the  room, 
and  there  be  a  waste  of  9  in.  in  matching  figures? 

3.  How  many  yards  of  carpeting  f  of  a  yard  wide 
will  be  required  for  a  room  18-J-  ft.  long  and  15  ft.  9 
in.  wide,  if  the  strips  run  lengthwise,  and  there  be  a 
waste  of  \  of  a  yard  in  matching  figures? 

4.  How  many  yards  of  Brussels  carpeting  }  of  a  yard 
wide  will  be  required  for  a  room  20  ft.  square,  there 
being  a  waste  of  9  in.  in  matching  figures?  How 
much  will  the  carpet  cost  at  $1.60  a  yard? 

5.  A  room  is  20  ft.  long  and  17  ft.  wide:  which  way 
must  strips  of  carpeting  1  yd.  wide  run  in  order  to 
carpet  the  room  most  economically,  allowing  no  waste 
for  matching  the  pattern? 

6.  How  many  yards  of  Brussels  carpeting  |  of  a  yard 
wide  will  cover  a  hall  45  ft.  long  and  32  ft.  wide,  the 
strips  running  lengthwise,  and  there  being  a  waste  of  \ 
of  a  yard  in  matching  the  pattern?  What  part  of  a 
strip  will  have  to  be  turned  under  or  cut  off  at  the 
sides?     How  much  will  the  carpet  cost  at  $1.62^-  a  yard? 

7.  How  many  yards  of  Brussels  carpeting  will  carpet 
a  flight  of  stairs  consisting  of  18  steps,  including  the 
landing,  each  step  being  10  in.  wide  and  8  in  high,  if 
1J  yards  be  allowed  for  turnings?  What  will  be  the 
cost  at  $2.25  per  yard? 
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II.  Plastering,  Papering,  Painting,  Etc. 

Art.  194.  Plastering,  painting,  and  kalsomining  are 
measured  by  the  square  yard.  There  is  no  uniform 
rule  respecting  the  allowance  to  be  made  for  doors  and 
windows. 

The  surface  of  the  walls  of  a  room  may  be  found 
by  multiplying  the  sum  of  the  lengths  of  the  four  sides, 
changed  to  square  units,  by  the  height. 

8.  How  much  will  it  cost  to  plaster  the  walls  and 
ceiling  of  a  room  18  ft.  6  in.  long,  16  ft.  9  in.  wide, 
and  10  ft.  high,  at  33J  cts.  per  sq.  yard,  if  18  sq.  yards 
be  deducted  for  doors  and  windows? 

9.  What  will  it  cost  to  plaster  a  room,  walls  and  ceil- 
ing, 25  ft.  long,  18  ft.  wide,  and  12  ft.  6  in.  high,  at 
35  cts.  a  sq.  yard,  allowing  for  two  doors,  each  9  ft.  by 
3J  ft.,  and  3  windows,  each  7  ft.  by  3  ft.? 

10.  What  will  be  the  cost  of  plastering  a  dining- 
room,  walls  and  ceiling,  36  ft.  long,  25  ft.  wide,  and  14 
ft.  high,  at  45  cts.  per  sq.  yard,  allowing  for  a  double 
door,  10  ft.  by  8  ft. ;  one  single  door,  8  ft.  by  3$  ft. ; 
Bix  windows,  each  8  ft.  by  3J  ft. ;  and  a  dado,  2  ft.  10 
in.  high,  around  the  the  room,  excepting  doors  ? 

11.  At  6  cts.  a  sq.  yard,  what  will  it  cost  to  kalsomine 
the  walls  and  ceiling  of  a  dining-room  25  ft.  long,  18  ft. 
wide,  and  12  ft.  6  in.  high,  allowing  for  two  doors,  each 
9  ft.  by  3^  ft. ;  3  windows,  each  7  ft.  by  3  ft. ;  and  a 
wainscot,  3  ft.  high,  around  the  room,  excepting  doors  ? 

12.  What  will  it  cost  to  paint  the  walls  of  a  parlor 
18J  ft.  long,  16J  ft.  wide,  and  12  ft.  high,  at  27  cts. 
per  sq.  yard,  no  allowance  being  made  for  doors  and 
windows  ? 

13.  What  will  be  the  cost  of  papering  the  walls  of  a 
room  18  ft.  6  in.  long,  16  ft.  9  in.  wide,  and  10  ft.  high, 
with    paper    18    in.    wide,  and    8    yards    in    a    roll,    at 
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75   cts.   a  roll,   if  22   sq.   yards   be   deducted  for  doors, 
windows,  and  base-board? 

Note. — Wall-paper  is  sold  by  the  roll,  a  roll  being  usually  18 
in.  wide  and  8  yd.  in  length.  The  measurement  of  the  room 
only  assists  in  making  a  general  estimate  of  the  number  of  rolls 
required,  the  actual  number  being  determined  by  papering  the 
room.  The  number  of  rolls  used,  in  whole  or  in  part,  is  the 
number  paid  for,  only  uncut  rolls  being  returned. 

14.  What  will  it  cost  to  paper  the  walls  of  a  hall  35 
ft,  long,  27  ft.  wide,  and  14  ft.  high,  with  paper  at  65 
cts.  a  roll  and  border  at  5  cts.  a  yd.,  allowing  25  sq.  yd. 
for  doors,  windows,  base-board,  and  border,  the  amount 
of  paper  used  corresponding  to  the  measurement? 


III.  Board  Measure. 

Art.  195.  Boards  one  inch  or  less  in  thickness  are 
sold  by  the  square  foot,  surface  measure.  Boards  more 
than  one  inch  in  thickness,  as  joists,  sills,  and  other 
square  lumber,  are  measured  by  multiplying  the  number 
of  square  feet  in  one  surface  by  the  thickness  in  inches. 

Notes. — The  number  of  square  feet  in  the  surface  of  a  board 
is  found  by  multiplying  tlie  length  in  feet  by  the  width  in  inches,  and 
dividing  the  product  by  12.  In  practice,  the  width  of  a  board  is 
reckoned  to  the  next  smaller  half  inch ;  thus,  a  width  of  9f  in. 
is  counted  9  in. ;  9|  in.  is  counted  9^  in. 

2.  Round  logs  are  measured  by  the  amount  of  lumber  that 
can  be  sawed  from  them.  When  they  do  not  exceed  15  ft.  in 
length,  the  length  and  the  diameter  of  the  small  end  are  taken, 
and  the  number  of  feet  of  lumber  is  computed  by  means  of  a 
table,  stamped  upon  calipers.  In  the  case  of  logs  over  16  ft.  in 
length,  the  average  diameter  is  taken. 

3.  Shingles  are  estimated  at  9  shingles,  laid  4  in.  to  the 
weather,  to  the  square  foot.  Allowing  for  waste  and  defects, 
1000  shingles  are  estimated  to  cover  100  sq.  ft.,  called  a  square. 
In  practice,  1000  shingles  of  the  best  quality  will  cover  125  sq.  ft. 

4.  A  bunch  of  lath  contains  100  pieces,  each  4  ft.  long;  and 
a  bunch  is  estimated  to  cover  5  square  yards  of  surface. 

15.  How  many  feet  of  lumber  in  a  board  16  ft.  long, 
10  in.  wide,  and  1  in.  thick?     f  in.  thick? 
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1 6.  How  many  feet  of  lumber  in  a  tapering  board  14 
ft.  long,  and  8  in.  at  one  end  and  5  in.  at  the  other  ? 

Suggestion. — The  average  width  is  one  half  of  the  sum  of  the 
two  end  widths.  In  practice,  this  would  be  found  by  measuring 
the  board  at  its  middle. 

How  many  feet  of  /umber  in: 

17.  20  boards  14  ft.  long,  6  in.  wide,  and  1  in  thick? 

18.  9  joists  12  ft.  long,  8   in.  wide,  and   2   in.  thick? 

19.  5  joists  14  ft.  long,  and  4  in.  by  3  in.? 

20.  10  planks  16  ft.  long,  10  in.  wide,  <L\   in.  thick? 

21.  Find  the  cost,  at  $18.00  per  M.,  of: 

34  boards  16  ft.  long,  10  in.  wide,  and  1  in.  thick. 
16  boards  12  ft.  long,  8  in.  wide,  and  1  in.  thick. 
16  scantling  14  ft.  long,  and  4  in.  by  2  in. 
9    joists  12  ft.  long,  and  6  in.  by  2|  in. 
26  flooring  14  ft.  long,  and  5  in.  by  J  in. 

22.  What  will  be  the  cost  of  4  sills,  two  of  them  be- 
ing 24  ft.  long,  and  8  in.  by  6  in.,  and  two  being  30 
ft.  long,  and  8  in.  by  6  in.,  at  $16.00  per  M.  ? 

23.  Find  the  cost  of  flooring,  allowing  nothing  for 
waste,  for  a  floor  21   ft.  by  16  ft.,  at  $22  per  M. 

24.  How  many  feet  of  siding  5  in.  wide  will  be  re- 
quired to  cover  the  four  sides  of  a  house  40  ft.  long,  28  ft. 
wide,  20  ft.  high,  if  they  be  laid  4  in.  to  the  weather,  and 
150  sq.  ft.  be  deducted  for  doors,  windows,  and  cornice? 

25.  How  many  thousand  shingles  will  be  required  to 
cover  a  gable  roof  50  ft.  long  and  each  of  the  two  sides 
22^  ft.  wide,  allowing  a  thousand  shingles  to  every 
125  sq.  ft.?     At  $3.25  per  M.,  what  will  be  the  cost? 

IV.  Land  Surveys. 

Art.  196.  The  public  lands  of  the  United  States  are 
divided  by  survey  into  Townships  6  miles   square,  and 
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these  are  divided  into  36  equal  parts,  called  Sectionsy 
each  being  one  mile  square.  The  sections  are  subdi- 
vided into  half -sections,  quarter-sections,  half-quarter-sections, 
and   quarter-quarter-sections. 

In  the  survey  of  the  public  lands  by  the  United  States  Govern- 
ment, a  line  is  run  through  a  given  territory  north  and  south, 
and  another  line  east  and  west.  The  north  and  south  line  is 
called  the  Principal  Meridian,  and  the  east  and  west  line  the 
Base  Line. 

Lines  are  then  run  parallel  to  the  principal  meridian  six 
miles  apart,  and  other  lines  parallel  to  the  base  line  six  miles 
apart,  thus  forming  Townships  six  miles  square. 

The  lines  of  townships  running  north  and  south  are  called 
Ranges,  and  these  are  numbered  from  the  principal  meridian 
east  and  west.  The  townships  are  numbered  from  the  base 
line  north  and  south ;  and  hence  the  location  of  a  township  is 

accurately  designated  by  its 
number  and  the  number  of 
the  range.  Thus  T.  5  N.,  R. 
3  E.,  designates  the  fifth 
township  north  of  the  base 
line,  in  the  third  range  east 
of  the  principal  meridian. 

The    sections  of  a  town- 
ship are  numbered  from  the 
north-east    corner   across   to 
the  west,  and   back   on  the 
second    line    of    sections  to 
the  east,  and  thus  back  and 
forth,  as    is    shown    in    the 
diagram  at  the  right. 
Each   section   is   divided   into   halves    and  quarters,  and  the 
quarters  are  subdivided  into  halves  and 
quarters,    and    designated,   as    is    shown 
in  the  diagram  at  the  left.    Thus,  the  N. 
W.  \  of  N.  W.  i,  Sec.  8,  designates  the 
north  -  west  quarter    of    the  north  -  west 
quarter  of  section  8. 

A  section  contains  640  acres ;  a  half- 
section,  320  acres;  a  quarter-section,  160 
acres,  etc. 


W 


6 
7 
18 
19 
30 
31 

5 
8 

17 
20 
29 
32 

4 
9 
16 
21 
28 
33 

3 

10 
15 
22 

27 
34 

2 
11 
14 
23 
26 
35 

1 
12 
13 
24 
25 
36 

s. 

Township. 


of 


40  A 


-E.y2 
of 

N.W.M 
80  A. 


N.E.K 
160  A. 


S.J4 
320  A. 


Section  1. 


LAND  SURVEYS.  167 

26.  Write  out  the  description  in  full,  and  give  the 
number  of  acres  in  each  of  the  following  tracts  of 
land : 

(a)  N.  W.  i,  Sec.  12,  T.  10,  N..  R.  6  W. 

(b)  W.  i  of  N.  E.  1,  Sec.  23,  T.  13,  S.,  R.  4  E. 

(c)  S.  E.  i  of  N.  E.  |,  Sec.  18,  T.  7,  N.,  R.  2  W. 

(d)  S.  i  and  W.  i  of  N.  W.  \,  Sec.  7,  T.  11,  N.,  R.  5  W. 

(e)  S.  E.  J  and  S.  E.  |  of  N.  E.  |,  Sec.  6,  T.  9,  N.,  R.  6  E. 

27.  What  will  be  the  cost  of  a  quarter-section  and  a 
half-quarter-section  of  land  at  $14.50  an  acre?  A  half- 
section  and  a  half-quarter-section? 

Art.  197.  In  measuring  land,*  surveyors  use  a  chain 
4  rods  long,  and  made  of  100  links  of  equal  length. 

A    square    chain    is    16    square   rods,    and    10   square 

chains  are  an  acre. 

Note. — Engineers  and  many  surveyors  now  use  a  chain  or  tape 
100  ft.  long :  and  this  is  divided  into  feet  and  the  decimal  parts 
of  a  foot. 

28.  How  many  acres  in  a  tract  of  land  60  ch.  long 
and  32  ch.  50  1.  wide? 

process  :  60  sq.  ch.  X  32-J-  -s- 10  =  195  acres. 

29.  How  many  acres  in  a  field  15  ch.  long  and  8  ch. 
40  1.  wide?    32  ch.  by  10  ch.  25  L? 

30.  How  many  acres  in  a  street  80  ch.  60  1.  long 
and  90  1.  wide? 

31.  How  many  acres  in  a  field  64  rods  long  and 
35^  rods  wide?  What  will  be  its  cost  at  $36.50  an 
acre? 

32.  How  many  acres  in  a  street  f  of  a  mile  long  and 
4  rods  wide?     2-|  miles  long  and  3-J-  rods  wide? 

33.  A  man  bought  a  farm  80  ch.  long  and  40  ch. 
wide  at  $22.50  an  acre:  what  part  of  a  section  did  he 
buy,  and  how  much  did  it  cost? 

-For  Spanish  laud-measures  used  in  the  southwestern  part  of  the 
Union,  see  page  371. 


168 


WHITE'S  NEW  COMPLETE  ARITHMETIC. 


MEASUREMENT  OF  SOLIDS. 


DEFINITIONS. 


^y                       ^jjjj| 

If    ( 

Art.  198.     A  Rectangular  Solid   is 

a   body   bounded   by   six   rectangular 
surfaces. 

The  surfaces  bounding  a  solid  are  called 
Faces,  and  the  sides  of  these  faces  are  called 
Edges.  A  rectangular  solid  has  twelve  edges.  The  face  on  which 
a  solid  is  supposed  to  rest  is  called  its  Base. 

Art.  199.  A  Cylinder  is  a  solid  whose  two  bases 
are  equal  and  parallel  circles,  and  whose 
lateral  surface  is  uniformly  curved. 

Art.  200.  The  solid  contents  of  a  body  is 
called  its  Volume  or  Capacity.  It  is  expressed 
in  some  unit  of  measure;  as  a  cubic  inch,  a 
cubic  foot,  etc. 


ORAL     PROBLEMS. 


4  Ft. 


4  Ft. 


1.  How  many  cubic  feet  in  a 
rectangular  solid  4  feet  long,  1  foot 
wide,  and  1  foot  thick? 

%  How  many  cubic  feet  in  a 
rectangular  solid  4  feet  long,  2 
feet  wide,  and  1  foot  thick? 

3.  How7  many  cubic  feet  in  a 
rectangular  solid  4  feet  long,  2  feet 
wTide,  and  2  feet  thick? 


Solution. - 
long,  1  foot  wi 
tains  4  cu.  fee 


feet  wide,  and  1  foot  thick  contains  2 
8  cu.  feet ;  and  a  solid  4  feet  long,  2,#eej 
contains  2  times  8  cu.  feet,  which  is  lj>  cu.  feet. 


ular  solid  4  feet 
1  foot  thick  con- 
olid  4  feet  long,  2 
cu.  feet,  which  is 
ide,  and  2  feet  thick 
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4.  How  many  cubic  feet  in  a  block  of  marble  6  ft, 
long,  3  ft.  wide,  and  2  feet  thick?  10  ft.  long,  5  ft. 
wide,  and  4  ft.  thick? 

5.  How  many  cubic  feet  in  a  piece  of  ice  5  ft.  long, 
2  ft.  wide,  and  \  ft.  thick? 

6.  How  many  cubic  feet  in  a  bin  6  ft.  long,  3  ft. 
wide,  and  3  ft.  deep?  8  ft.  long,  5  ft.  wide,  and  2  ft. 
deep?     6  ft.  long,  3J-  ft.  wide,  and  If  ft.  deep? 

7.  How  many  cubic  yards  in  a  room  5  yd.  long,  4 
yd.  wide,  and  3  yd.  high? 

8.  If  the  number  of  cubic  inches  corresponding  to 
the  number  of  inches  in  the  length  or  edge  of  a  rect- 
angular solid  be  multiplied  by  the  number  of  inches 
in  its  width,  what  will  the  product  represent?  If  this 
product  be  multiplied  by  the  number  of  inches  in  the 
height  of  the  solid,  what  will  this  product  represent? 

WRITTEN     PROBLEMS. 

9.  How  many  cubic  feet  in  a  block 
of  granite  16  ft.  long,  8  ft.  wide,  and 
5  ft.  thick? 

10.  How  many  cubic  feet  in  a  pile 
of  wood  45  ft.  long,  3J  ft.  wide,  and 
7  ft.  high? 

1 1.  How  many  cubic  yards  in  a 
cellar    30    feet    long,    21    feet    wide,    and    6   feet   deep? 

12.  How  many  cubic  feet  in  a  cube,  each  of  whose 
edges  is  15  ft.  in  length?     12-J  ft.  in  length? 

13.  A  building  65  ft.  by  44  ft.  has  a  foundation  wall 
12  ft.  deep  and  2  ft.  thick :  how  many  cubic  feet  in  the 
foundations  ? 

14.  A  pile  of  wood  containing  840  cu.  ft.  is  30  ft. 
long  and  3-|  ft.  wide :  how  high  is  the  pile  ? 

15.  If  27  bricks  make  a  cu.  ft,,  how  many  bricks  will 
make  a  wall  45  ft.  long,  27   ft.  high,  and  2J  ft.  thick? 

\ 


PROCESS. 

16 

cu. 

ft. 

_8 

128 

cu. 

ft. 

_5 

640 

cu. 

ft. 
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16.  The  base  of  a  cylinder  is  12  in.  in  diameter,  and 
its  altitude  is  25  in. :  how  many  cubic  inches  in  its 
solid  contents? 

PROCESS. 

12  in.  X  3.1416  =  37.6992  in.,  circum. 

37.6992  sq.  in.  X  3  =  113.0976,  sq.  in.,  area  of  base. 

113.0976  cu.  in.  X  25  =  2827.44  cu.  in.,  solid  contents. 

17.  How  many  cubic  feet  in  a  round  block  of  timber 
5  ft.  long  and  2  ft.  in  diameter? 

Note. — The  block  of  timber  is  a  cylinder. 

18.  How  many  cubic  feet  in  a  round  cistern  5  ft.  in 
diameter  and  8  ft.  6  in.  deep? 

19.  How  many  cubic  feet  in  a  circular  well  30  ft. 
deep  and  3  ft.  in  diameter?     4  ft.  in  diameter? 

Art.  201.  1.  To  find  the  solid  contents  of  a  rect- 
angular solid : 

Rule. — Multiply  the  number  of  cubic  units  corresponding 
to  the  linear  units  in  the  length  by  the  width,  and  this 
product  by  the  thickness. 

Note. — The  width  and  thickness  are  considered  abstract  num- 
bers. 

2.  To  find  the  length,  width,  or  thickness  of  a  rect- 
angular solid : 

Rule. — Divide  the  solid  contents  by  the  number  of  cubic 
units  corresponding  to  the  product  of  the  other  two  dimen- 
sions. 

Note.— The  three  dimensions  of  a  solid  (length,  width,  and 
height)  must  be  in  the  same  denomination. 

3.  To  find  the  solid  contents  of  a  cylinder: 

Rule. — Multiply  the  number  of  cubic  units  correspjonding 
to  the  square  units  in  the  area  of  the  base  by  the  altitude. 
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APPLICATIONS   OP    SOLID    MEASUREMENTS. 

I.  Wood  and  Stone. 

Art.  202.  A  cord  of  wood  is  a  pile  8  ft.  long,  4  ft. 
wide,  4  ft.  high,  containing  128  cu.  ft. 

Note. — 1  ft.  in  length  of  such  a  pile,  or  \  of  a  cord,  is  called 
a  cord  foot  (little  used). 

WRITTE  N     PROBLEMS. 

1.  How  many  cords  in  a  pile  of  wood  36  ft.  long,  7 
ft.  high,  and  4  ft.  wide? 

2.  How  many  cords  of  wood  in  three  piles,  the  first 
being  23  ft.  long,  4  ft.  wide,  and  7  ft.  high ;  the  sec- 
ond, 28  ft.  long,  4  ft.  wide,  and  6^  ft.  high;  and  the 
third  17  ft.  long,  8  ft.  wide,  and  7J  ft.  high? 

3.  How  many  cords  of  four-foot  wood  in  a  pile  28  ft. 

long,  5  ft.  high?     36  ft.  long,  6  ft.  high? 

Note. — In  practice,  wood  4  ft.  in  length,  or  less,  is  measured 
by  multiplying  the  length  by  the  height,  and  dividing  the  product  by  32. 
Short  wood  is  sold  at  a  less  price  per  cord. 

4.  How  many  cords  of  wood  in  two  piles,  one  20  ft. 
long,  6J  ft.  high,  and  the  other  26  ft.  long,  8  ft.  high  ? 

5.  How  many  cords  of  stove-wood  in  a  pile  18  ft. 
long,  8  ft.  high?     24  ft.  long,  6  ft.  high? 

6.  How  much  wood  in  a  wagon-load  piled  in  three 
lengths,  each  3  ft.  wide  and  3  ft.  high?  What  would 
be  the  cost  at  $4.80  per  cord? 

7.  At  $5. 62 J  a  cord,  what  would  be  the  cost  of  a 
pile  of  three-foot  wood  85 J  ft,  long,  6J  ft.  high  ? 

8.  How  many  perches    of  rough   stone    in   a  wall    36 

rd.  long,  2h  ft.  thick,  and  5  ft.  high? 

Note. — Stone  is  usually  measured  by  the  perch,  which  is  a 
mass  of  stone  16J  ft.  long,  li  ft.  wide,  and  1  ft.  high,  contain- 
ing 24f  cu.  ft.  In  some  localities,  the  perch,  used  as  a  unit  of 
measure,  contains  16i  cu.  ft.  Masonry  is  more  generally  meas- 
ured by  the  cubic  yard. 
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9.  How  many  perches  of  stone  in  a  pile  60  ft.  long, 
5  ft.  wide,  and  1  ft.  9  in.  high? 

10.  How  many  perches  of  masonry  in  the  wall  of  a 
cellar  45  ft.  long,  34  ft.  wide,  8  ft.  high,  and  2J  ft.  thick? 

Note. — In  measuring  walls  of  cellars  and  buildings,  masons 
take  the  distance  round  the  outside  of  the  walls  (the  girth)  for 
the  length,  thus  measuring  each  corner  twice. 

1 1.  How  many  cubic  yards  of  masonry  in  the  founda- 
tion walls  of  a  house,  the  two  side  walls  being  each  48 
ft.  long,  2-J  ft.  wide,  and  7  ft.  high;  and  the  two  end 
walls,  each  32  ft.  long,  2\  ft.  wide,  and  7  ft.  high? 

i  II.  Bins,  Tanks,  and  Cisterns. 

Art.  203.  The  capacity  of  bins  for  grain  is  usually 
measured  in  bushels ;  and  the  capacity  of  tanks,  cisterns, 
etc.,  in  gallons  or  barrels. 

Note. — The  United  States  standard  bushel  contains  2150.4  cu. 
in. ;  the  liquid  gallon,  231  cu.  in. ;  and  the  dry  gallon  \\  bu.), 
268.8  cu.  in. ;  6  dry  gallons  equal  nearly  7  liquid  gallons. 

12.  How  many  bushels  of  wheat  will  fill  a  bin  10  ft. 
long,  5  ft.  wide,  and  3  ft.  deep? 

(  10  cu.  ft.  X  5  X  3  =  150  cu.  ft. 
process:   \  1728  cu.  in.  X  150  =  259200  cu.  in. 

(  259200  cu.  in.  --  2150.4  cu.  in.  =  120.53  +  (bu.). 

Note. — Since  a  bushel  contains  1^  cu.  ft.  nearly,  the  capacity 
of  a  bin  in  bushels  is  found  in  practice  by  taking  f  of  the  number 
of  cubic  feet  in  it. 

13.  How  many  bushels  of  wheat  will  fill  a  bin  4  ft. 
long,  2|  ft.  wide,  and  2  ft.  9  in.  deep? 

14.  How  many  bushels  of  oats  will  fill  a  wagon  box 
9  ft.  long,  3  ft.  4  in.  wide,  and  15  in.  deep? 

Note. — Wheat  and  other  grains  are  usually  sold  by  weight, 
and   hence  the  measurement  of   bins  is  of  little  practical  value. 


APPLICATIONS  OF  SOLID  MEASUREMENTS.        178 

15.  How  many  gallons  of  water  will  fill  a  tank  5  ft. 
square  and  3  ft.  deep? 

f  5  cu.  ft.  X  5  X  3  =  75  cu.  ft. 
process:  \  1728  en.  in.  X  75  =  129600  en.  in. 

(  129600  cu.  in.  -=-  231  cu.  in.  =  561.038  (gals.). 

Note. — In  practice,  7h  gallons  are  allowed  for  a  cubic  foot. 

1 6.  How  many  gallons  of  water  will  a  tank  hold  that 
is  12  ft.  long,  3  ft.  4  in.  wide,  and  1  ft.  8  in.  deep? 
How  many  barrels  of  31J  gallons  each  ? 

17.  How  many  gallons  will  a  vat  hold  that  is  5  ft. 
square  and  20  in.  deep?     How  many  barrels? 

18.  How  many  gallons  of  water  will  a  round  cistern 
hold  that  is  5  ft.  in  diameter  and  8  ft.  deep? 

Suggestion. — Find  the  area  of  a  circle  5  ft.  in  diameter  (the 
base  of  the  cistern)  and  multiply  this  area  by  8;  the  product  will 
be  the  capacity  of  the  cistern  in  cubic  feet. 

19.  What  is  the  capacity,  in  barrels,  of  a  round  cistern 
4  ft.  in  diameter  and  10  ft.  deep? 

20.  How  many  gallons  will  a  round  tank  hold  that 
is  15  in.  in  diameter  and  28  in.  deep? 

21.  How  many  gallons  of  cider  will  fill  a  cask  16  in. 
in  diameter  and  27  in.  long.,  no  allowance  being  made 
for  bulge? 

Art.  204.     1.  To  find  the  capacity  of  a  bin  in  bushels : 

Rule. — Divide  the  contents  in  cubic  inches  by  2150.42. 
Or,   Take  f  of  the  contents  in  cubic  feet. 

2.  To  find  the  capacity  of  a  vessel  in  liquid  gallons : 

Rule. — Divide  the  contents  in  cubic  inches  by  231.  Or, 
Multiply  7|  gallons  by  the  contents  in  cubic  feet. 

Note.— The  capacity  in  dry  gallons  is  found  by  dividing  the 
contents  in  cubic  inches  by  268.8. 
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III.  Specific  Gravity. 

Art.  205.  The  specific  gravity  of  any  substance  is 
the  number  of  times  its  weight  contains  the  weight  of 
an  equal  volume  of  water. 

The  specific  gravity  of  a  few  common  liquids  and  solids  are 
as  follows: 

Pure  cows  milk,    1.03  Iron  (wrought),  7.6  to    7.8 

Human  blood,  .     1.0055  Gold,  ...     19.     to  19.6 

Alcohol,  ...       .791  Silver, .     .     .     10.5 

Mercury,      .     .  13.596  Copper,    .     .      8.6  to  8.9 

Ice, 92  Quartz,     .     .       2.65 

Since  the  weight  of  a  cubic  foot  of  water  at  its  greatest  density 
is  1000  oz.,  or  62 J  lb.,  the  weight  of  a  cubic  foot  of  any  substance 
is  found  by  multiplying  1000  oz.  avoir,  by  its  specific  gravity. 

22.  What  is  the  weight,  in  pounds,  of  a  gallon  of 
water,  allowing  7J  gallons  to  the  cubic  foot?  A  gallon 
of  milk?  h'1'n 

23.  What  is  the  weight  of  a  cubic  foot  of  ice?  A 
cubic  foot  of  quartz  rock  ? 

24.  What  is  the  weight  of  a  bar  of  wrought  iron  1 
in.  square  and  10  ft.  long? 

25.  What  is  the  weight  of  a  brick  of  silver  2  in.  by 
4  in.  and  8  in.  long? 

26.  If  251  of  milk  weigh  25,5Ks  is  the  milk  pure? 
What  would  be  the  weight  of  the  milk,  if  pure? 

MISCELLANEOUS     PROBLEMS. 

1.  What  would  be  the  cost  of  a  township  of  land  6 
miles  square,  at  $10.50  an  acre? 

2.  A  park  containing  40  acres  is  50  rods  wide :  how 
long  is  it? 

3.  A  circular  park   is    165    yards  in   diameter:   how 
many  acres  does  it  contain? 
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4.  How  many  bricks,  8  in.  by  4  in.,  will  pave  a 
walk  60  ft.  long  and  12|  ft.  wide,  with  no  allowance 
for  edges  or  waste?  t 

5.  How  many  yards  of  carpeting  f  of  a  yard  wide 
will  carpet  a  room  27  ft.  long  and  20J  ft.  wide,  if 
the  strips  run  lengthwise,  with  a  loss  of  6  in.  in 
matching  ? 

6.  How  many  yards  of  Brussels  carpeting  f  of  a 
yard  wide  will  carpet  a  room  18 J  ft.  long  and  15  ft. 
wide,  if  the  strips  run  lengthwise,  with  an  allowance 
of  8  in.  for  matching  figures? 

7.  What  will  it  cost  to  plaster  the  walls  and  ceiling 
of  a  room  15  ft.  long,  12  ft.  wide,  and  9  ft.  high,  at 
50  cts.  a  square  yard,  with  an  allowance  of  15  sq.  yd. 
for  doors  and  windows? 

8.  A  bin  is  8  ft.  long,  3J  ft.  wide,  and  4  ft.  deep: 
how  many  bushels  of  grain  will  it  hold  ? 

9.  How  many  cubic  feet  in  the  capacity  of  a  circular 
well  3J  ft.  in  diameter  and  20  ft.  deep? 

1 0.  A  round  cistern  is  5  ft.  in  diameter'  and  6  ft.  4 
in.  deep:  how  many  gallons  of  water  will  it  hold? 

1 1.  How  many  barrels  (3H  gal.)  will  a  round  cistern 
hold  that  is  3  ft.  in  diameter  and  10  ft.  deep? 

12.  How  many  cubic  blocks  whose  edges  are  2  inches 
V    each,  can  be  packed  in  a  cubic  box  whose  inside  edges 

^are  12  inches  each? 

13.  What  will  it  cost  to  excavate  a  cellar  10.5m  long, 
7.6m  wide,  and  1.8m  deep,  at  25  cts.  per  cu.  meter? 

14.  What  will  it  cost  to  plaster  the  walls  and  ceiling 
of  a  room  8.5m  long,  6.4m  wide,  and  3.8m  high,  at  45  cts. 
per  square  meter,  10 sq-  m  being  allowed  for  doors  and 
windows  ? 

15.  How  many  cubic  meters  of  gas  will  fill  a  round 
gasometer  5.5m  in  diameter  and  3.25m  deep? 

16.  How  many  hektoliters  of  water  will  fill  a  cubic 
tank  each  of  whose  edges  is  2.5m  ?    How  many  gallons  ? 


/. 


PERCENTAGE. 


NOTATION  AND   DEFINITIONS. 

Art.  206.  One  per  cent  of  a  number  is  one  hundredth 
of  it,  two  per  cent  is  two  hundredths,  and,  generally, 
any  per  cent  of  a  number  is  so  many  hundredths  of  it. 

1.  How  many  hundredths  of  a  number  is  4  per  cent 
of  it?     7  per  cent  of  it?     15  per  cent?     112  per  cent? 

2.  How  many  hundredths  of  a  number  is  3J  per  cent 
of  it?     12£  per  cent?     33J  per  cent?     133J  per  cent? 

3.  How  many  hundredths  of  a  number  is  h  of  one 
per  cent  of  it?     f  of  one  per  cent?     f  per  cent? 

4.  What  per  cent  of  a  number  is  yf^  of  it?     tJq  of 
it?    tVo  of  it?    ffo  of  it?     m  of  it? 

5.  What  per  cent  of  a  number  is  .05  of  it  ?     .09  of  it  ? 
.031  of  it?     .331  of  it?     .00f  of  it?     .004  of  it? 

6.  What  decimal  part  of  a  number  is  8  per  cent  of  it? 
15  per  cent?     12-J-  per  cent?     125  per  cent? 

7.  What  decimal  part  of  a  number  is  3^  per  cent  of 
it?     33^-  per  cent?    f  per  cent?    f  per  cent? 

8.  How  much  is  1  per  cent  of  400?     3  per  cent? 

9.  How  much  is  2  per  cent  of  S600?    4  per  cent? 

WRITTEN     EXERCISES. 

10.  Express  decimally  5  per  cent;  8%;  15%. 

Note. — The  character  <fc  is  often  used  for  the  words  "per  cent." 
Thus,  8%  denotes  8  per  cent. 

11.  Express  decimally  1%  ;   3%  ;  6%  ;  7%  ;  8%  ;  9%. 

12.  Express  decimally  15%;   20%;  25%;  33%;  45%. 

13.  Express  decimally  112%;  125%;  150%;  220%. 

(176) 
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14.  Express  decimally  6J%  ;  3J%  ;  12^%  ;  24|%. 
Suggestion.— 6H  =  .06J,  or  .065  ;  Z\%  =  .03£,  or  .0325  ;  etc. 

15.  Express  decimally  7f  %  ;  16}%;  10^%;  30^%. 

16.  Express  decimally  \%\\%\\%\  $%  ;  &%. 

17.  Express  decimally  5%;  &%  ;  7T\%  ;   i%  ;  20J%. 

18.  How  much  is  4%  of  $450? 

process:  4%  of  8450.  =  S450  X  .04  =  $18.00. 

19.  How  much  is  5%  of  80  hours?    Of  160  hours? 

20.  How  much  is  6f0  of  $250?     15^? 


•i 


DEFINITIONS. 


Art.  207.  When  a  given  per  cent  of  a  number  is 
taken,  the  result  is  called  the  percentage;  the  number 
of  hundredths  taken,  the  rate  per  cent;  and  the  number 
itself,  the  base. 

If,  for  example,  6</0  of  250  be  taken,  15  (the  result)  is  the  per- 
centage, Tf  <y  the  rate  per  cent  (6  being  the  rate),  and  250  the  base. 

Art.  208.  These  three  terms  may  be  defined  as  fol- 
lows: 

A  Percentage  of  a  number  is  the  result  obtained  by 
taking  any  per  cent  of  it. 

The  Rate  Per  Cent  is  the  fraction  denoting  the  num- 
ber of  hundredths  taken. 

The  Base  is  the  number  of  which  a  per  cent  is  taken. 

Notes. — 1.  In  this  treatise  the  terms  rate  per  cent  and  rate  are 
not  used  as  synonymous.  The  rate  is  the  numerator  of  the  frac- 
tion which  is  the  rate  per  cent,  the  denominator  being  100.  The 
convenience,  as  well  as  accuracy,  of  this  distinction  will  be  made 
obvious  by  a  comparison  of  the  two  rules  in  the  following  cases. 

2.  The  rate  per  cent  may  be  expressed  in  figures  either  in  the 
form  of  a  common  fraction,  as  xwj  or  m  the  form  of  a  decimal, 
as  .06.  When  written  in  the  decimal  form  it  is  said  to  be 
expressed  decimally. 
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Art.  209.     The  character  %    is  read  per  cent. 

Art.  210.  Percentage  is  that  branch  of  Arithmetic 
in  which  one  hundred  is  the  basis  of  computation. 

The  term  per  cent  is  a  contraction  of  the  Latin  per  centum, 
which  means  by  the  hundred. 

THE  THREE  CASES  OF  PERCENTAGE. 

Art.  211.  The  Base,  Percentage,  and  Rate  Per  Cent 
have  such  relations  to  each  other  that,  if  any  two  of 
them  are  given,  the  other  may  be  found.  Hence,  there 
are  three  distinct  operations  or  processes  in  percentage, 
usually  called  Cases. 

Art.  212.    These  distinct  processes  may  be  thus  stated  : 

1.  The  Base  and  Rate  Per  Cent  given  to  find  the  Percentage. 

2.  The  Base  and  Percentage  given  to  find  the  Rate  Per  Cent. 

3.  The  Percentage  and  Rate  Per  Cent  given  to  find  the  Base. 

Note. — A  fourth  case  is  usually  given,  including  problems  in 
which  the  sum  or  difference  of  the  base  and  percentage  and  the 
rate  per  cent  are  given  to  find  the  base ;  but  the  percentage  part 
of  the  process  does  not  differ  essentially  from  Case  III.  The  sum 
or  difference  given  is  a  percentage  of  the  base,  and  the  new  rate 
per  cent,  found  by  adding  the  given  rate  per  cent  to  or  subtract- 
ing it  from  100%,  is  the  Rate  Per  Cent.  Beginners  should  solve 
simple  problems  involving  the  several  operations  of  percentage 
without  reference  to  "  Cases."     These  should  be  studied  later. 

CASE  I. 

THE  BASE  AND  THE  RATE  PER  CENT  GIVEN  TO  FIND  THE 
PERCENTAGE. 

1.  How  much  is  b%  of  800? 

Solutions— 1.  5f0  of  800  =  Ttb  of  800,  which  is  40.     Or, 

2.  lf0  of  800  =  T£o  of  800,  which  is  8  ;  and  bf0  of  800  =  5  times 
8,  which  is  40. 
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S.  What  is  4%  of  50?    6%  ?    8%  ?    10%  ? 

3.  What  is  5%  of  40?    Of  60?    80?     120? 

4.  What  is  3%  of  200?    300?    500?     700? 


5.  What  is  6%  of  250  miles?     10%  ?     12%  ? 

6.  What  is  \%  of  100  days?     200  days?    500  days? 

7.  What  is  f  %  of  $800?    $1200?    $2000?    $600? 


WRITTEN     PROBLEMS. 

8.  What  is  8%  of  $674.50? 

1st  process.  2d  process. 

$674.50  $6,745  =  1% 

.08  8 

$53.96  00  $53,960  =  8% 

Note. — Let  the  pupil  use  the  first  process  only  until  he  is 
familiar  with  it.  In  the  second  process  lf0  of  the  base  is  found 
by  removing  the  decimal  point  two  places  to  the  left  (Art.  115). 

What  is: 

9.  b%  of  245?  19.  \%  of  $540? 

10.  d%  of  350?  20.  -^%  of  $4000? 

11.  lb%  of  1200?  21.  f%  of  21700  ft.? 

12.  25%  of  37.5?  22.  \%  of  $48.50? 

13.  33%  of  $150?  23.  33^%  of  965  days? 

14.  8%  of  $37.50?  24.  16f%  of  $.54? 

15.  3%  of  $180.25?  25.  15%  of  f  ?    Of  y\? 

16.  \\%  of  1050  lb.?  26.  66|%  of  A?    Of  2}? 

17.  2J%  of  60.8  lb.?  27.  12%  of  .25?    Of  .45? 

18.  12J%  of  560  daysj  28.  6J%  of  50?    Of  .75? 

\J  ~* 

29.  What   is   the   difference  between  33%  and   25 \% 

of  480  miles?    Of  2670  miles? 

30.  If  70%  of  a  certain  ore  is  iron,  how  much  iron 
is  there  in  3740  pounds  of  ore? 

31.  If  20%  of  air-dried  wood  is  water,  how  much 
water  is  there  in  143f  tons  of  wood? 
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FORMULA   AND  RULES. 


Art.  213.     Formula. — Percentage  —  base  X  rate  per  cent. 

Art.  214.     To  find  a  given  per  cent  of  any  number: 

Rules. — 1.  Multiply  the  given  number  by  the  given  rate 
per  cent.     Or, 

2.  'Remove  the  decimal  point  in  the  given  number  two  places 
to  the  left,  and  multiply  the  result  by  the  rate. 

Note. — When  the  rate  per  cent  is  used  in  a  written  process 
as  a  multiplier  or  divisor  it  should  be  expressed  decimally. 


CASE     II. 


BASE  AND  THE  PERCENTAGE  GIVEN  TO  FIND  THB  RATE 
PER   CENT. 

1.  What  per  cent  of  16  is  4? 

Solution.— 1  is  T\  of  16,  and  4  is  T%,  or  \,  of  16 ;  |=$&  or  259^ 

2.  What  per  cent  of  $50  are  $5?     $20? 

3.  What  per  cent  of  $300  are  $12?    $30? 

4.  What  per  cent  of  150  lb.  are  75  lb.  ?    50  lb.  ? 

5.  What  per  cent  of  250  ft.  are  50  ft.  ?    100  ft.  ? 

WRITTEN     PROBLEMS. 

6.  What  per  cent  of  62.5  is  15? 

1st  process.  2d   process. 

15  --  62,5  =  .24  1  %  of  62.5  —  .625 

.24  =  24%,  Ans.  15  --  .625  =  24?  Rate. 

Note. — The  quotient  obtained  by  the  first  process  is  the  rate 
per  cent,  and  the  quotient  obtained  by  the  second  process  is  the 
rate. 
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What  per  cent  of: 

7.  75  is  4.5?  15.  75  lb.  are  16.5  lb.? 

8.  125  is  25?  16.  20  ft,  are  1.2  ft.? 

9.  120  is  40?  17.  37i  yd.  are  5  yd.? 

10.  $450  are  $90?  18.  .75  is  .15? 

11.  $192  are  $32?  19.  .60  is  .45? 

12.  $760  are  $19?  20.  £  is  |? 

13.  $1000  are  $5?  21.  £  is  f? 

14.  $6  are  45  cts.?  22.  2±  is  f? 

23.  A  farmer  had  320  sheep  and  sold  48  of  them: 
what  per  cent  of  the  flock  did  he  sell? 

24.  A  gold  ring  is  18  carats  fine :  what  per  cent  of  it 
is  gold?  If  it  were  16  carats  fine,  what  per  cent  of  it 
would  be  gold? 

25.  What  per  cent  of  $45  is  16f%  of  $150? 

FORMULA  AND  RULES. 

Art.  215.     Formula. — Rate%  =  percentage  -r-  base. 

Art.  216.  To  find  what  per  cent  one  number  is  of 
another  : 

Rules. — 1.  Divide  the  number  which  is  the  percentage  by 
the  base,  and  the  quotient  expressed  in  hundredths  will  be  the 
rate  per  cent.     Or, 

2.  Divide  the  number  which  is  the  percentage  by  one  per 
cent  of  the  base,  and  the  quotient  will  be  the  rate. 


CASE     III. 
PERCENTAGE   AND  RATE   PER  CENT   GIVEN  TO  FIND  THE   BASE. 

1.  45  is  15%  of  what  number? 

Solution. — If  45   is   15  <f0   of  a   number,  1%  of  it  is  TV  of  45, 
which  is  3,  and  100  <f0)  or  the  number,  is  100  times  3,  which  is  300. 

2.  320  is  16%  of  what  number? 
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3.  7.2  pounds  are  12%  of  how  many  pounds? 

4.  75  miles  are  25%  of  how  many  miles? 

5.  208  rods  are  104%  of  how  many  rods? 

6.  $540  are  108%  of  how  many  dollars? 

7.  216  is  8%  more  than  what  number? 
Suggestion. — If  216  is  8  <f0  more  than  a  number,  216  is  100 

+  8<fc,  or  108$>  of  the  number. 

8.  318  is  §fo  more  than  what  number? 

9.  $480  is  20%  more  than  what  sum  of  money? 

10.  560  lb.  are  12%  more  than  how  many  pounds? 

11.  184  is  8%  less  than  what  number? 
Suggestion.— 184  is  100$,  —  8<fc,  or  92$,  of  the  number. 

12.  285  is  5%  less  than  what  number? 

13.  $356  are  11%  less  than  how  many  dollars? 

14.  425  feet  are  15%  less  than  how  many  feet? 


WRITTEN     PROBLEMS. 

15.  256  is  35%  of  what  number? 

16.  107£  is  15%  of  what  number? 

17.  99  is  33 \</0  of  what  number? 

18.  30  lb.  are  45%  of  how  many  pounds? 

19.  12|  is  8%  of  what  number? 

20.  125  is  30%  of  what  number? 

21.  7.15  is  20%  of  what  number? 

22.  5J  is  50%  of  what  number? 

23.  240  men  are  12i%   of  how  many  men? 

24.  $78  are  10%   of  how  many  dollars? 

25.  f  is  20%  of  what  number? 

26.  540  sheep  are  36%  of  how  many  sheep? 

37.  5280  pounds  are  66f  %  of  how  many  pounds? 

28.  8189.80  are  104%  of  what  sum  of  money? 

29.  What  number  plus  16%  of  itself  equals  87? 

1st  process.  2d  process. 

87  h-1.16  =  75,  Ana.  (87  -s-  116)  X  100  =  75,  Ans. 
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80.  What  number  plus  6%  of  itself  equals  25.5? 

31.  What  number  plus  \\%  of  itself  equals  243.6? 

32.  What  number  plus  8%  of  itself  equals  13.5? 

33.  How  many  yards  less  &f0  equal  42.78  yd.  ? 

34.  What  sum  of  money  less  7%  of  itself  is  $483.60? 

35.  What  sum  of  money  less  12-*%  of  itself  is  $34.50? 

36.  What  sum  of  money  less  %\%  of  itself  is  $44.60? 

37.  What  number  less  6%  of  itself  is  470? 

38.  What  number  plus  30%  of  itself  equals  162.5  ? 
39'.  What  number  less  16J%   of  itself  equals  2035.8? 

FORMULA  AND  BULBS. 

Art.  217.     Formula. — Base  =  percentage  -f-  rate  per  cent. 

Art.  218.  To  find  a  number  when  a  certain  percent- 
age of  it  is  given  : 

Rules. — 1.  Divide  the  number  which  is  the  percentage  by 
the  rate  per  cent  expressed  decimally.     Or, 

2.  Divide  the  number  which  is  the  percentage  by  the  rate, 
and  multiply  the  quotient  by  100. 

Note.— "When  the  given  number  is  a  given  per  cent  more  or 
less  than  the  required  number,  the  true  rate  per  cent  is  1  plut 
or  minus  the  given  rate  per  cent.     Art.  212,  note. 


THE  BATE  AN  ALIQUOT  PABT  OP  100. 

Art.  219.  When  the  rate  is  an  aliquot  part  of  100, 
the  percentage  of  a  number  may  be  found  by  tak- 
ing the  same  aliquot  part  of  it.  Thus,  33^  of  $48  = 
i  of  $48. 

The  process  in  finding  a  number  when  a  percentage  of  it  and 
the  rate  per  cent  are  given,  may  likewise  be  shortened  by  using 
the  aliquot  fraction. 

The  aliquot  parts  of  100$,  most  frequently  used  are  12^  vi)» 
16f  #  ft),  20/.  ft),  25%  ft),  33i/0  ft),  and  50%  ft). 


I 
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WRITTEN     PROBLEMS. 

1.  What  is  12i%  0f  49.80?    16|%  ?    20%? 

2.  What  is  25%  of  6.4?    Of  26.32?     17£?    21J? 

3.  What  is  33i%  0f  $689.64?    Of  $1448.25? 

4.  What  is  50%  of  786.7  miles?    84.25  ft.? 

5.  84.6  is  331%  0f  what  number? 

6.  51  is  121%  of  what  number? 

7.  876.5  days  are  16|%  of  how  many  days? 
'8.  $85.90  are  50%  more  than  what  sum  of  money? 

)  9.  $360.45  are  25%  less  that  what  sum  of  money? 

Note.  —  For  additional  problems  in  which  the  rate  is  an  aliquot 
part  of  100,  see  pp.  262-267. 

MISCELLANEOUS    PRACTICAL    PROBLEMS. 

ORAL    PROBLEMS. 

t  What  is  121%  0f  640?    16f  %  of  360? 
2.  What  is  33i%  of  672?    66|%  of  321? 

8.  15  is  what  per  cent  of  60?    Of  90? 

4.  16f  pounds  are  what  per  cent  of  50  lb.?    1201b.? 

5.  25%  of  120  is  what  per  cent  of  90?    120? 

6.  331%  of  150  is  what  per  cent  of  250? 

7.  80  is  121%  of  what  number? 

8.  20%  of  105  is  25%  of  what  number? 

9.  331%  of  225  is  15%  of  what  number? 
10\_45  is  what  per  cent  of  75%  of  120? 

11.  360  is  20%  more  than  what  number? 

12.  60Jg  33|%   more  than  what  number? 

13.  331%  of  240  is  331%  less  than  what  number? 

14.  25%  of  280  is  16|%  more  than  what  number? 

1 5.  What  per  cent  of  any  number  is  -f  of  it  ?    f  of  it  ? 

16.  What  per  cent  of  any  number  is  T\  of  it? 

17.  What  per  cent  of  any  number  is  f  of  it?   ^  of  it? 

18.  What  per  cent  of  any  number  is  |f  of  it? 
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19.  A  man  is  60  years  of  age,  and  20%  of  his  age  is 
25  %  of  the  age  of  his  wife :  how  old  is  his  wife  ? 

20.  A  company  of  75  men  lost  25  men  in  a  certain 
battle :  what  per  cent  of  the  company  remained  ? 

21.  Charles  is  15  years  old,  and  his  age  is  30%  of 
his  father's  age :  how  old  is  his  father  ? 

22.  A  man's  expenses  are  $28  a  month,  which  is  70% 
of  his  wages :  how  much  does  he  earn  a  month  ? 

23.  In  a  certain  school  96  pupils  study  arithmetic 
which  is  24  per  cent  of  the  whole  number  of  pupils  in 
school :  how  many  pupils  in  the  school  ? 

24.  A  horse  cost  $160,  which  was  20%  less  than  the 
cost  of  a  carriage :  what  was   the   cost  of  the  carriage  ? 

25.  A  school  enrolls  230  boys,  which  is  15%  more 
than  the  number  of  girls  enrolled :  how  many  pupils 
in  the  school?  N( 

WRITTEN    PROBLEMS. 

26.  A  man  receives  $1650  a  year,  and  his  expenses 
are  87|%  of  his  income:  how  much  has  he  left? 

27.  A    regiment    of  750   men  lost    160    in   a   certain 
attle :  what  per  cent  of  the  regiment  remained  ? 

28.  The  number  of  pupils  in  daily  attendance  in  a 
certain  school  is  420,  which  is  80%  of  the  number  en- 
rolled :  how  many  pupils  are  enrolled  ? 

29.  The  number  of  youth  of  school  age  in  a  certain 
city  is  5220,  which  is  36%  of  the  number  of  inhabit* 
ants :  what  is  the  population  of  the  city  ? 

30.  A  man  spent  60%  of  his  money  for  a  suit  of 
clothes,  25%  of  it  for  books,  and  had  $7.50  left:  how 
much  money  had  he  at  first? 

31.  A  man  invested  $5400  in  land,  which  was  37|% 
of  his  property :  what  was  the  value  of  his  property  ? 

32.  In  a  storm,  a  ship's  crew  threw  overboard  250 
barrels  of  flour,  which  was  40%  of  the  number  of  barrel? 
on  board :  how  many  barrels  of  flour  were  left  ? 
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33.  A, man  owning  60%  of  a  factory,  sold  40%  of 
his  share  for  89600:  at  this  rate,  what  was  the  value 
of  the  factory? 

34.  The  land  surface  of  the  earth  is  about  50000000 
square  miles,  which  is  33-^-%  of  the  water,  surface :  what 
is  the  extent  of  the  water  surface? 

35.  The  population  of  a  certain  city  in  1870  was 
64000,  which  is  80%  of  the  population  in  1880:  what 
was  the  population  in  1880? 

36.  A  farm  was  sold  for  $6390,  which  was  12  J  %  more 
than  it  cost :  what  was  the  cost  of  the  farm  ? 

37.  A  grain  dealer  owning  58500  bushels  of  wheat, 
shipped  37  J  %  of  it  by  a  steamer,  33i%  of  it  by  a 
schooner,  and  the  rest  of  it  by  railroad :  how  many 
bushels  did  he  ship  by  each? 

38.  The  population  of  a  certain  city  in  1870  was 
63500,  and  the  census  of  1880  shows  an  increase  of 
17i%  :  what  was  the  population  in  1880? 

39.  A's  farm  contains  306  acres,  which  is  32  f0  less 
than  B's :  how  many  acres  in  B's  farm  ? 

40.  When  gold  was  worth  25%  more  than  currency, 
what  was  the  gold  value  of  $150  in  currency  ? 

41.  When  gold  was  worth  20%  more  than  currency, 
what  was  the  value  in  gold  of  a  dollar  bill? 

42.  The  number  of  pupils  in  daily  attendance  at  a 
school  is  570,  which  is  5%  less  than  the  number  en- 
rolled :  how  many  pupils  are  enrolled  ? 

43.  The  number  of  pupils  enrolled  in  a  certain  school  is 
920,  which  is  15%  more  than  the  average  number  of  pupils 
in  daily  attendance:  what  is  the  average  daily  attendance? 

44.  The  population  of  a  certain  city  in  1880  was 
171572,  which  is  18%  more  than  its  population  in  1870: 
what  was  the  population  in  1870? 

45.  A  farm  contains  480  acres,  of  which  30%  is  meadow, 
25-|%  pasture,  16|^  grain  land,  and  the  rest  woodland: 
bow  many  acres  of  each  kind  of  land  in  the  farm? 
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46.  A  merchant  failed  in  business  owing  $  10500,  and 
having  $6300  worth  of  property :  what  per  cent  of  his 
indebtedness  can  he  pay? 

47.  A  clerk,  receiving  a  yearly  salary  of  $950,  pays 
$275  a  year  for  board,  $180  for  clothing,  and  $150  for 
other  expenses :  what  per  cent  of  his  salary  is  left  ? 

48.  A  lady  pays  $280  a  year  for  board,  $175  a  year 
for  clothing  and  other  expenses,  and  lays  up  35%  of 
her  income :  what  is  her  income  ? 

>49.  A  man's  expenses  are  80%  of  his  income,  and 
33^%  of  his  income  equals  10%  of  his  property,  which 
is  valued  at  $27000:  what  is  his  income?  What  are 
his  expenses? 

50.  A  merchant  sold  a  stock  of  goods  for  $10811,  and 
gained  13|%  :  what  was  the  cost  of  the  goods? 

51.  A  cargo  of  damaged  corn  was  sold  at  auction  for 
$9450,  which  was  33^%  less  than  cost:  what  was  the 
cost  of  the  corn  ? 

52.  An  orchard  contains  1200  trees,  of  which  45^  are 
apple,  22%  peach,  12^%  cherry,  and  the  rest  pear:  how 
many  trees  of  each  kind  in  the  orchard  ? 

53.  A  owns  42^  of  a  factory  worth  $35000,  B  owns 
37%  of  it,  and  C  owns  the  remainder:  what  is  the 
value  of  each  of  their  shares? 

54.  A  man  bequeathed  $7560  to  his  wife,  which  was 
62|%  of  the  sum  bequeathed  to  his  children,  and  the 
sum  bequeathed  to  his  wife  and  children  was  80%  of 
his  estate:  what  was  the  value  of  the  estate?  What 
per  cent  of  the  estate  did  the  wife  receive? 

55.  The  population  of  a  city  in  1880  was  41064, 
which  was  16%  more  than  in  1870,  and  the  population 
in  1870  was  §\fo  less  than  in  1875 :  what  was  the 
population  in  1875  ? 

56.  The  number  of  deaths  in  a  certain  city  in  1879 
was  1950,  which  was  equal  to  3£%  of  the  population: 
what  was  the  population? 


,/ 
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APPLICATIONS  OF  PERCENTAGE. 

Art.  220.  The  principal  applications  of  percentage 
are  Profit  and  Loss,  Commission  and  Brokerage,  Capital 
Stock,  Insurance,  Taxes,  Customs,  Bankruptcy,  Interest,  Dis- 
count, Stock  Investments,  and  Exchange.  The  last  four 
involve  the  element  of  time. 

To  Teachers.  — .The  definitions  and  other  explanatory  state- 
ments in  these  several  applications,  interest  excepted,  need  not  be 
learned  by  beginners. 

PROFIT  AND   LOSS. 

Art.  221.  The  Cost  of  an  article  is  the  price  paid 
for  it,  or  the  total  expense  incurred  in  producing  it. 

Art.  222.     The    Selling  Price    of   an    article   is  the 
amount  asked  or  received  for  it  by  the  seller. 
The  selling  price  of  the  seller  is  the  cost  to  the  buyer. 

Art.  223.  When  an  article  is  sold  for  more  than  its 
cost,  it  is  said  to  be  sold  at  a  profit  or  gain;  when  it  is 
sold  for  less  than  its  cost,  it  is  said  to  be  sold  at  a  loss 
or  discount. 

Note. — The  terms  gain  and  loss  are  not  limited  to  business 
transactions.  When  any  quantity  undergoes  an  increase  or  de- 
crease, from  any  cause,  there  is  a  gain  or  loss,  and  when  such 
gain  or  loss  can  be  expressed  in  hundredths,  it  may  be  com- 
puted by  the  principles  of  percentage. 

ORAL    PROBLEMS. 

1.  A  merchant  bought  a  piece  of  cloth  for  $80,  and 
sold  it  at  25^   profit:  for  how  much  did  he  sell  it? 

2.  A  dealer  bought  hats  at  $5  apiece,  and  sold  them 
at  20^  profit:  what  was  the  selling  price? 

3.  Hats,  costing  $5  apiece,  were  sold  at  a  loss  of 
20%  '  what  was  the  selling  price  ? 
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4.  At  what  price  must  flour,  costing  $6  a  barrel,  be 
sold  to  gain  16f  %  ?     To  gain  25%  ?     33^%  ? 

5.  A  grocer  bought  sugar  at  12  cts.,  16  cts.,  and  18 
cts.  a  pound :  for  how  much  must  each  kind  be  sold 
to  gain  20%  ?    To  gain  25%  ?     33^%? 

6.  A  merchant  sells  broadcloth,  costing  $4,  for  $5  a 
yard :  what  per  cent  does  he  gain  ? 

7.  When  broadcloth,  costing  $5  a  yard,  is  sold  for  $4 
a  yard,  what  is  the  loss  per  cent? 

8.  Teas  costing  81.20,  $1.40,  and  $1.50  a  pound,  are 
sold  respectively  at  $1.50,  $1.70,  and  $1.80  a  pound: 
what  is  the  gain  per  cent  on  each? 

9.  A  merchant  sold  velvet  at  a  profit  of  $2  a  yard, 
and  gained  20%  :  how  much  did  it  cost? 

10.  A  dealer  sold  boots  at  $1.50  a  pair  less  than 
cost,  .and  thereby  lost  33^%  :  what  did  they  cost? 

1 1.  A~ grocer  sold  tea  at"  20  cents  above  cost,  and 
gained  16f  %  :  what  was  the  cost  of  the  tea?  What 
was  the  selling  price? 

12.  A  man  sold  a  horse  for  $90,  and  gained  20%  : 
what  was  the  cost  of  the  horse? 

13.  A  man  sold  a  horse  for  880,  and  lost  20%  :  what 
was  the  cost  of  the  horse? 

14.  Sold  butter  at  40  cts.  a  pound,  and  gained  25%  : 
how^much  did  it  cost? 

15.  A  watch,  costing  $80,  was  sold  at  a  loss  of  10%  : 
for  how  much  was  it  sold? 

16.  How  must  shoes,  costing  $2,  $2.50,  and  $3  a  pair, 
be  sold  respectively  to  gain  25%  ?     To  gain  30%  ? 

17.  How  must  muslin  that  cost  10  cts.,  15  cts.,  and 
18  cts.  a  yard,  be  sold  to   gain  20%  ?     To   gain   25%  ? 

18.  Sold  tea  at  90  cts.  a  pound,  and  gained  20% :  what 
would  have  been  my  gain  per  cent  if  sold  at  $1  a  pound? 

19.  A   merchant   sells  goods   at  retail   at   30%    above 
t  cost,  and  at  wholesale  at  10%  less  than  the  retail  price : 

what  is  his  gain  per  cent  on   goods   sold  at  wholesale ? 


% 


190       white's  new  complete  arithmetic. 

20.  A  merchant  marked  a  piece  of  silk  at  25%  above 
cost,  and  then  sold  it  at  20%  less  than  the  marked 
price  :  did  he  gain  or  lose,  and  how  much  ? 

21.  An  article  that  cost  5f  was  sold  for  $5:  what 
was  the  gain  per  cent  ?  What  would  have  been  the 
gain  per  cent  if  it  had  been  sold  for  $10  ? 

22.  Can  an  article  be  sold  at  a  loss  equal  to  or 
greater  than  100%  ?  Could  it  be  sold  at  a  gain 
greater  than  100%?  Explain  each  answer,  supposing 
the  cost  to  be  $5. 


WRITTEN     PROBLEMS. 

23.  A  house  and  lot  which  cost  16750  were  sold  at 
a  gain  of  12  J  %  :  for  how  much  were  they  sold  ? 

24.  Carriages  costing  $165  each  are  sold  at  18%  profit: 
what  is  the  gain  on  each  carriage? 

25.  A  man  paid  $4500  for  a  farm,  and  sold  it  for 
$5400:  what  was  the  gain  per  cent? 

26.  A  drover  bought  cattle  at  $65  a  head,  and  sold 
them  at  $84.50  a  head :  what  was  the  gain  per  cent  ? 

27.  A  drover  bought  horses  at  $130  a  head,  expended 
$6  each  in  taking  them  to  market,  and  then  sold  them 
at  $153.50  a  head:  what  was  the  gain  per  cent? 

28.  A  cargo  of  wheat  costing  $16500,  being  damaged. 
was  sold  for  $13750:  what  was  the  loss  per  cent? 

29.  A  merchant  sold  a  lot  of  goods  at  12-J-%  profit, 
and  gained  S8160:  what  was  the  cost? 

30.  A  grocer  sold  82  barrels  of  apples  at  22%  profit, 
and  gained  $45.10:  what  was  the  cost  per  barrel? 

31.  A  man  sold  a  watch  for  $180,  and  lost  16f  %  : 
what  was  the  cost  of  the  watch? 

32.  A  house  and  lot  were  sold  for  $7762.50,  at  a  gain 
of  15%  :  what  was  the  cost? 

33.  A  firm  sold  $45000  worth  of  goods  in  a  year;  $ 
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of  the  receipts  were  sales  at  20%  profit,  \  at  25%  profit, 
and  the  rest  at  33^%  profit:  what  was  the  total  cost? 

34.  Sold  a  piece  of  carpeting  for  8240,  and  lost  20%  : 
what  selling  price  would  have  given  a  gain  of  20%  ? 
,  35.  How  must  cloth,  costing  83.50  a  yard,  be  marked 
■'that  a   merchant   may  deduct    15%    from   the   marked 
price  and  still  make  15%  profit? 

36.  A  merchant  marked  a  lot  of  goods  at  20%  above 
cost,  but,  in  consequence  of  a  rise  in  the  market  price, 
he  marked  up  the  goods  10%  on  the  marked  price: 
what  per  cent  was  the  last  selling  price  of  the  cost? 
What  would  be  his  gain  on  sales  amounting  to 
$5780.50? 

FORMULAS  AND   RULES. 

Art.  224.   Formulas. — 1.  Gain  or  loss=costy^rate%. 

2.  Rate%=gain  or  loss-^-cost. 

3.  Cost=gain  or  loss^rate%. 

4.  Cost=sellingprice^\1J^Taie%' 

U — rate%. 

Art.  225.  1.  To  find  the  gain  or  loss,  the  cost  and 
rate  per  cent  being  given : 

Rule. — Multiply  the  cost  by  the  rate  per  cent. 

2.  To  find  the  rate  per  cent,  the  cost  and  the  gain 
or  loss  being  given : 

Rule. — Divide  the  gain  or  loss  by  the  cost,  and  the  quo- 
tient expressed  in  hundredths  will  be  the  rate  per  cent. 

3.  To  find  the  cost,  the  gain  or  loss  and  the  rate  per 
cent  being  given : 

Rule. — Divide  the  gain  or  loss  by  the  rate  per  cent. 

4.  To  find  the  cost,  the  selling  price  and  the  rate  per 
cent  of  gain  or  loss  being  given : 

Rule. — Divide  the  selling  price  by  1  plus  or  minus  the 
rate  per  cent. 
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COMMISSIOX  AXD   BROKERAGE. 

Art.  226.  An  Agent  is  a  person  who  transacts  busi- 
ness for  another. 

Agents  are  called  Factors,  Commission  Merchants,  Brokers,  Collectors, 
etc.  A  Factor,  or  Commission  Merchant,  buys  and  sells  goods  in- 
trusted to  his  possession  and  control.  A  Broker  buys  and  sells 
bills  of  exchange,  stocks,  bonds,  etc. ;  or  property  in  possession 
of  others,  as  real  estate.    A  Collector  collects  debts,  rents,  etc. 

When  a  factor  lives  in  a  different  country,  or  part  of  the 
country,  from  his  employer  (the  principal),  he  is  called  a  Corre- 
spondent, or  Consignee.  The  sender  of  goods  to  him  is  the  Con- 
signor, and  the  goods  shipped  or  consigned,  a  Consignment. 

Art.  227.  Commission  is  an  allowance  made  to  a 
factor,  or  other  agent,  for  the  transaction  of  business. 
The  commission  allowed  a  broker  is  called  Brokerage. 

Art.  228.  Commission  is  computed  at  a  certain  per 
cent  of  the  amount  of  property  bought  or  sold,  or  of 
the  amount  of  business  transacted.  The  rate  per  cent 
is  called  the  Rate  of  Commission,  and  the  amount  of 
business  transacted  is  the  Base. 

The  rate  of  commission  varies  with  the  amount  and  nature 
of  the  business.  A  broker's  commission  is  usually  less  than 
a  factor's. 

Art.  229.  The  Net  Proceeds  of  a  sale  or  collection 
are  the  proceeds  less  the  commission  and  other  charges. 


ORAL    PROBLEMS. 

1.  An   auctioneer  sold  $300  worth   of  furniture  at  a 
commission  of  5%  :  how  much  did  he  receive? 

2.  A  peddler  bought  $500  worth  of  rags  at  a  commis- 
sion of  10%  :  what  was  his  commission? 


COMMISSION  AND  BROKERAGE.  193 

3.  An  agent  sold  SI 200  worth  of  school  furniture  at 
a  commission  of  16f  %  :  how  much  did  he  receive? 

4.  An  attorney  collected  bad  debts  to  the  amount 
of  $800,  and  charged   20%  :  what  was  his  commission? 

5.  A  society  paid  a  lad  $6  for  collecting  membership 
dues  to  the  amount  of  $100:  what  rate  of  commission 
did  he  receive? 

6.  A  book-seller  received  $30  for  selling  $150  worth 
of  maps :  what  was  his  rate  of  commission  ? 

7.  A  real  estate  broker  received  $40  for  selling  a 
house  and  lot  at  5  %  commission :  for  how  much  was 
the  property  sold? 

8.  An  attorney  received  $60  for  collecting  a  note  at 
10%  commission:  what  was  the  amount  collected? 

9.  An  agent  received  $108  with  which  to  buy 
peaches,  after  deducting  his  commission  at  8%  :  how 
much  did  he  expend  for  peaches? 

10.  A  factor  received  $309  with  which  to  buy  flour, 
after  deducting  his  commission  at  3%  :  what  was  the 
cost  of  the  flour? 

WRITTEN     PROBLEMS. 

11.  A  commission  merchant  sold  540  barrels  of  flour 
at  $6.37|  a  barrel:  what  was  his  commission  at  3%  ? 

12.  A  real  estate  broker  sold  325  acres  of  land  at 
$24.50  an  acre,  and  charged  a  commission  of  2J%  : 
what  was  his  commission  ? 

13.  An  auctioneer  sold  $5160.50  worth  of  dry  goods, 
and  $715.25  worth  of  furniture :  what  was  his  commis- 
sion at  \\%  ? 

14.  A  lawyer  collected  65%  of  a  note  of  $950,  and 
charged  6£%  commission :  what  was  his  commission? 
What  was  the  amount  paid  over? 

15.  A  factor  in  New  Orleans  purchased  $75000  worth 
of  cotton  for  a  Lowell  manufacturer  at  If  %  commis- 
sion :  what  was  his  bill  for  cotton  and  commission  ? 
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16.  An  architect  charged  £%  for  plans  and  specifica- 
tions, and  If  %  for  superintending  the  erection  of  a 
building  costing  $120000:  how  much  was  his  fee? 

17.  An  agent  furnished  a  school-house  for  84500,  and 
received  $540  commission :  what  was  the  rate  ? 

18.  An  attorney  charged  $75  for  collecting  rents  to  the 
amount  of  $1125:  what  was  the  rate  of  commission? 

19.  A  commission  merchant  charged  2\%  for  buying 
produce,  and  his  commission  was  $750 :  how  much  prod- 
uce did  he  purchase? 

20.  An  agent  received  5%  for  buying  wool,  and  his 
commission  was  $208.50:  how  much  wool  did  he  buy? 
^f  21.  My  agent  has  bought  3300  barrels  of  apples  at 
$1.75  a  barrel,  and  I  allow  him  3%  commission:  how 
much  money  must  I  remit  to  pay  both  the  cost  of  the 
apples  and  the  commission? 

'  22.  A  Boston  merchant  sent  his  factor  in  Cincinnati 
$3529.20  to  be  invested  in  bacon,  after  deducting  his 
commission  at  2%  :  how  much  did  he  expend  for 
bacon,  and  what  was  his  commission? 

23.  A  cotton  broker  in  Charleston  received  $11774 
with  which  to  purchase  cotton,  after  deducting  his 
commission  of  \\%  '  how  much  did  he  expend  for 
cotton,  and  what  was  his  commission  ? 
\  24.  A  real  estate  broker  sold  a  section  of  land  at  $7.50 
an  acre,  and  invested  the  proceeds  in  railroad  stock, 
after  deducting  \\%  for  selling  the  land  and  \c/c  for 
buying  the  stock :  what  was  his  brokerage  ? 
— ^\  25.  What  will  be  the  total  cost  of  750  yards  of  car- 
peting at  $1.75  a  yard,  if  a  merchant  pay  2J%  com- 
mission for  purchasing,  \%  for  a  draft  covering  cost 
and  agent's  commission,  and  $12.50  for  freight? 

26.  A  grain  dealer  in  Chicago  received  $5000,  with 
directions  to  purchase  wheat  at  $1.10  a  bushel,  after 
deducting  his  commission  at  2J%  :  how  many  bushels 
of  wheat  did  he  purchase  ? 
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FORMULAS    AND    RULES. 

Art.  230.     Formulas: 

1.  Commission  or  brokerage  =  base  X  rate  %. 

2.  Rate  %  =  commission  or  brokerage  -r-  6ase. 

3.  I?ase  =  commission  or  brokerage  -s-  rate  %. 

4.  5as£  =  (6ase  -f-  commission  or  brokerage)  — =—  (1  —J—  rate  %). 

Art.  231.     1.  To  find  commission  or  brokerage: 
Rule. — Multiply  the  sum  of  money  denoting  the  amount 
of  business  transacted  by  the  rate  per  cent. 

2.  To  find  the  sum  to  be  invested  when  the  amount 
given  includes  both  the  sum  to  be  invested  and  the 
commission  or  brokerage  : 

Rule. — Divide  the  given  amount  by  1  plus  the  rate  per 
cent,  and  the  quotient  voill  be  the  sum  invested. 

Note. — These  two  rules  cover  all  the  ordinary  business  trans- 
actions in  commission  or  brokerage.  Rules  corresponding  to  the 
second  and  third  formulas  can  be  easily  formed  by  the  pupil. 

CAPITAL   STOCK. 

Art.  232.  Capital  is  property  invested  in  trade, 
manufactures,  or  other  business.     . 

The  original  or  nominal  value  of  capital  is  its  Par  Value,  and 
the  sum  for  which  it  will  sell  is  its  Market  Value. 

When  the  market  value  of  capital  equals  its  par  value,  it  is 
said  to  be  at  par;  when  the  market  value  is  more  than  the  par 
value,  it  is  above  par,  or  at  a  premium;  when  the  market  value 
is  less  than  the  par  value,  it  is  below  par,  or  at  a  discount. 

Art.  233.  A  Company  is  an  association  of  persons 
united  for  the  transaction  of  business. 

When  a  company  is  organized  and  regulated  by  law,  it  is 
said  to  be  incorporated.  An  incorporated  company  is  called  a 
Corporation,  and  the  law  regulating  it  a  Charter. 
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Art.  234.  The  capital  of  a  corporation  is  called 
Capital  Stock,  or,  briefly,  Stock. 

Capital  Stock  is  divided  into  equal  parts,  called  Shares.  Cer- 
tificates of  these  shares  are  Stock  Certificates,  or  Scrip;  and  the 
holders  of  such  certificates  are  Stockholders. 

Stocks  are  at  par,  above  par,  or  below  par,  according  as  their 
market  value  equals,  exceeds,  or  is  less  than  their  par  value  or 
face.. 

The  market  value  of  stocks  is  quoted  at  a  certain  per  cent  of 
the  par  value.  Stocks  quoted  at  108  are  worth  108%  of  their 
face;  that  is,  are  8<f0  above  par:  stocks  quoted  at  92  are  worth 
92  4>  of  their  face  ;  that  is,  are  8  <f0  below  par. 


Art.  235.     A  Dividend  is  the   part  of  the  earnings 
of  a  company  distributed  among  the  stockholders. 

The  total  receipts  of  a  company  from  its  business  are  called 
the  Gross  Earnings;  and  the  net  profits,  found  by  deducting  all 
expenses  and  losses  from  the  gross  earnings,  are  the  Net  Earnings. 
The  net  earnings  are  distributed  as  dividends. 
'  Dividends  are  usually  declared  annually  or  semi-annually,  and 
they  are  computed  as  a  per  cent  of  the  par  value  of  the  stock. 
The  rate  per  cent  is  called  the  Rate  of  Dividend.  The  market 
value  of  stocks  depends  chiefly  on  the  dividends  paid  and  ihe 
financial  condition  of  the  company. 


Art.  236.  An  Assessment  is  a  sum  levied  upon  the 
stockholders  to  meet  the  losses  or  expenses  of  the 
business. 

The  business  of  incorporated  companies  is  usually  managed  by 
directors,  who  are  elected  by  the  stockholders,  each  of  the  latter 
being  entitled  to  as  many  votes  as  he  owns  shares. 

Note. — When  a  business  corporation  wishes  to  raise  money  in 
addition  to  that  derived  from  its  capital  stock,  it  issues  notes  or 
bonds,  payable  at  a  specified  time  with  interest,  and  secured 
by  mortgage  on  the  property  of  the  corporation.  The  bonds, 
called  Mortgage  Bonds,  are  negotiable,  and  are  called  Stocks  (Art. 
301) ;  but  they  should  be  carefully  distinguished  from  Capital 
Stock 
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ORAL    PROBLEMS. 

1.  When  stock  is  6%  premium,  what  is  the  market 
value  of  $1?    Of  $100?    Of  $1000? 

2.  When  stock  is  12%  discount,  what  is  the  market 
value  of  81?    Of  $100?    Of  $1000? 

3.  How  much  will  5    shares  of  telegraph   stock  cost 
at  4%  premium?     At  4%  discount? 

Note. — A  share  is  $100,  if  no  other  value  is  named. 

4.  What   will  10   shares   of  telephone   stock   cost   at 
20%  premium?     At  15%  premium? 

5.  How  is  stock  quoted  when  it  is  15%  premium? 
When  it  is  15%  discount?     8%  discount? 

6.  When  stock  is  quoted  at  107J,  what  is  the  value 
of$l?    Of  $10?    Of  $100? 

7.  When   stock   is   quoted   at   87,  what  is  the  value 
of$l?    Of  $100?    Of  $10? 

8.  How  much  will    10   shares  of  mining   stock   cost 
when  quoted  at  104?     When  quoted  at  8o^     At  90? 

9.  A    company    declares    a    dividend    of  3%  :    how 
much  will  a  stockholder,  owning  15  shares,  receive? 

10.  A  manufacturing  company  made  an  assessment 
of  5%  to  repair  damages  caused  by  a  freshet:  how 
much  must  a  stockholder,  owning  20  shares,  pay? 

WRITTEN    PROBLEMS. 

11.  A  man  bought  75  shares  of  railroad  stock  at  7J% 
discount :  how  much  did  they  cost  ? 

12.  A  broker  bought  70  shares  of  insurance  stock  at 
6J%  premium,  and  sold  them  at  f%  discount:  how 
much  did  he  lose? 

.13.  Bought  100  shares  of  Little  Miami  stock  at  109J, 
and  sold  them  at  112^ :  how  much  did  I  gain  by  the 
transaction  ? 
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14.  A  man  bought  52  shares  of  Illinois  Central  at 
127;  and  sold  36  shares  at  135,  and  the  rest  at  137^: 
how  much  did  he  gain  ? 

15.  A  broker  bought  84  shares,  $50  each,  of  gas  stock 
at  94,  and  sold  them  at  lOOf :  how  much  did  he 
gain? 

16.  When   bank  stock  is   quoted*  at   105,  how   many 
Ui shac^-ran  be  bought  for  $525T">or  $840? 

^         17.  tfW  many  shares  of  bank  stock  at  4%  premium 
can  be  bought  for  $8320? 

18.  When  New  York  Central  is  quoted, at  95|,  how 
much  stock  can  be  bought  for  $6894-  broke" rage  \%  ? 

Suggestion. — Brokerage  is  computed  on  the  par  value  of  stock, 
and  hence  the  cost  of  the  stock  will  be  95|  +  |,  or  95|  </c-  This 
is  an  exception  to  the  general  principle  stated  in  Art.  228. 

19.  How  much  railroad  stock  at  12|  discount  can  be 
bought  for  $8750,  brokerage  \%  ? 

20.  A  broker  bought  84  shares  of  coal  stock  at  108J$ 
received  a  dividend  of  5J%,  and  then  sold  the  stock 
for  106:  how  much  did  he  gain? 

21.  A  broker  bought  stock  at  4%  discount,  and,  sell- 
ing the  same  at  5%  premium,  gained  $450:  how  many 
shares  did  he  purchase? 

22.  A  man  bought  Michigan  Central  at  120,  and  sold 
at  124:  what  per  cent  of  the  investment  did   he  gain? 

23.  A  gas  company  declares  a  dividend  of  16^%  : 
how  much  will  a  man  who  holds  36  shares  receive? 

24.  A  company  with  a  capital  of  $125000  declares  a 
dividend  of  4%,  with  $3500  surplus:  what  were  the  net 
earnings  of  the  company? 

Note. — The  surplus  is  a  part  of  the  net  earnings  set  apart  to 
meet  future  demands. 

25.  The  capital  of  an  insurance  company  is  $500000, 
and  it  declares  a  dividend  of  4|%,  with  $2500  surplus- 
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how  much  money  is  distributed  among  the  stock- 
holders? What  were  the  net  earnings  of  the  company? 
26.  The  net  earnings  of  a  gas  company  are  $22425, 
and  the  capital  stock  is  $215000:  what » rate  of  divi- 
dend can  be  declared,  no  surplus  being  reserved  ?  What 
will  be  the  dividend  on  45  shares? 


FORMULAS  AND  RULES. 

Art.  237.     Formulas: 

1.  Dividend  or  assessment  =  stock  X  rate 

2.  Rate  %=divid.  or  assess.-^-  stock. 


3.  Prem.  or  dis.  =par  value  X  rate  %. 

4.  Market  vol.  =par  val.  X  (1  ±  rate  %). 

5.  Par  val.  =  market  val.-i-(l  ±zrate  %). 

Art.  238.  1.  To  find  the  premium  or  discount  on  a 
given  amount  of  stock : 

Rule. — Multiply  the  amount  of  stock  by  the  rate  per  cent 
of  premium  or  discount.     (Formula  3.) 

2.  To    find    the   cost    or    market    value   of  a    given 

amount   of  stock : 

Rule. — Multiply  the  amount  oj  stock  by  1  plus  or  minus 
the  rate  per  cent,  or  by  the  quoted  price  expressed  as  hun- 
dredths. 

3.  To  find  the  amount  of  stock  which  can  be  bought 
for  a  given  amount  of  money: 

Rule. — Divide  the  amount  of  money  to  be  invested  by  1 
plus  or  minus  the  rate  per  centy  or  by  the  quoted  price  ex- 
pressed as  hundredths. 

Note. — When  brokerage  is  paid,  the  rate  of  brokerage  must  be 
added  to  the  quoted  price  before  dividing. 
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INSURANCE. 

Art.  239.  Insurance  is  an  agreement  by  one  party 
to  indemnify  another  party  for  loss  or  damage. 

The  act  of  insuring  is  called  taking  a  risk.  The  party  that  in- 
sures, or  takes  the  risk,  is  called  an  insurer  or  underwriter;  and  the 
party  to  be  indemnified  in  case  of  loss  or  damage,  the  insured  01 
policy-holder. 

Art.  240.  The  Policy  is  the  written  contract  between 
the  insurer  and  the  insured. 

Art.  241.  The  Premium  is  the  sum  of  money  paid 
by  the  insured  for  the  insurance. 

Art.  242,  There  are  two  kinds  of  insurance;  viz. 
Property  Insurance  and  Personal  Insurance. 

Property  insurance  includes  indemnity  for  loss  by  fire,  caDed 
Fire  Insurance,  and  indemnity  for  loss  of  property  while  trans- 
ported by  water,  called  Marine  Insurance.  Insurance  on  the 
property  transported  is  Cargo  Insurance;  that  on  the  vessel,  Hull 
Insurance. 

Personal  insurance  includes  Life  Insurance,  Health  Insurance, 
and  Accident  Insurance. 

Note. — The  insurance  business  is  chiefly  carried  on  by  corpora- 
tions, called  Insurance  Companies.  In  Joint  Stock  Companies  the 
profits  and  losses  are  shared  by  the  stockholders,  but  in  Mutual 
Companies  they  are  divided  among  the  policy-holders. 


ORAL    PROBLEMS. 

1.  A  house  was  insured   for  $2500,  at  1  %  :  what  was 
the  premium? 

2.  A  stock  of  goods  was   insured   for  $8000,  at   \f0  : 
what  was  the  premium? 

3.  A  hotel  worth  $6000  is  insured  for  §  of  its  value, 
at  \\%\  what  is  the  premium? 
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4.  What  will  it  cost  to  get  a  house  insured  for  $4000, 
for  10  years,  at  \%  a  year? 

5.  The  premium  paid  for  insuring  a  library  for  $500, 
is  $5 :  what  is  the  rate  of  insurance  ? 

6.  An    insurance   company   insures   a   dwelling-house 
for  81000,  and   charges  85   premium:  what  is  the  rate? 


WRITTEN     PROBLEMS. 

7.  A  factory  worth  $75000  is  insured  for  §  of  its  value, 
at  \\%  '  how  much  is  the  premium  ? 

8.  A  merchant  has  his  store  insured  for  $7850,  at  J%, 
and  his  goods  for  $12400,  at  \%\  what  premium  does 
he  pay? 

9.  A  house  worth  85400  was  insured  for  f  of  its  value, 
at  \%,  and  the  cost  of  the  survey  and  policy  was  $1.50: 
what  was  the  cost  of  the  insurance? 

Note. — When  a  new  risk  is  taken,  a  small  fee  is  usually 
charged  for  examining  the  property,  called  the  Survey,  and  for 
issuing  the  policy. 

10.  What  will  it  cost  to  insure  a  building  valued  at 
$12400  for  §  of  its  value,  at  f  %,  the  cost  of  survey  and 
policy  being  $2.25? 

11.  A  block  of  buildings  worth  $135000  is  insured  for 
f-  of  its  value  by  three  companies,  the  first  taking  \  of 
the  risk  at  f  %  ;  the  second  taking  \  of  it  at  \fc  ',  and 
the  third  taking  the  remainder  at  -f ft  :  what  was  the 
total  premium? 

12.  Suppose  the  above  block  should  be  damaged  by 
fire  to  the  amount  of  $60000,  how  much  of  the  damage 
would  each  company  be  obliged  to  pay? 

13.  An  insurance  company  insures  a  school-house  for 
$10000,  and  charges  $50  premium :  what  is  the  rate  ? 

14.  The  owners  of  a  vessel  paid  8561  for  a  hull  in- 
surance of  $25500:  what  was  the  rate  of  insurance? 


202  WHITE'S  NEW  COMPLETE  ARITHMETIC. 

\  15.  A  merchant  paid  $100  for  an  insurance  of  812500 
on  a  stock  of  goods:  what  was  the   rate  of  insurance? 

16.  The  premium  for  insuring  a  cargo  of  goods,  at 
2%,  was  $240:  what  was  the  amount  of  goods  insured? 

17.  A  school-house  is  insured  at  f%,  and  the  premium 
was  $93.60:  for  how  much  is  the  house  insured? 

18.  A  grain  shipper  paid  $525  for  the  insurance  of  a 
cargo  of  wheat,  at  \\%  '•  for  how  much  was  the  wheat 
insured  ? 

19.  A  grain  dealer  had  a  cargo  of  wheat,  valued  at 
$31360,  insured  at  2%,  so  as  to  cover  both  the  value 
of  the  wheat  and  the  cost  of  the  premium:  for  how 
much  was  the  wheat  insured? 

Suggestion. — Since  the  premium  was  2$,  of  the  amount  in- 
sured, the  value  of  the  wheat  was  100^,-2$,  or  98^  of  the 
amount  insured.     Hence,  $31360  =  .98  of  the  amount  insured. 

20.  For  how  much  must  a  cargo  of  lumber,  worth 
$21825,  be  insured,  at  3%,  to  cover  both  the  value  of 
the  lumber  and  the  cost  of  the  premium? 

21.  For  how  much  must  property  worth  $11859.40 
be  insured,  at  H%,  to  cover  both  property  and  premium? 

22.  For  what  must  a  cargo  of  goods  valued  at  811520 
be  insured,  at  4^,  to  cover  both  goods  and  premium? 

23.  To  cover  both  goods  and  premium,  at  1%,  a 
merchant  had  a  cargo  of  goods  insured  for  $35000: 
what  was  the  value  of  the  goods? 

24.  A  man  30  years  of  age  has  his  life  insured  for 
$6000,  at  $23.60  per  81000:  what  is  his  annual  premium? 

Note. — In  Life  Insurance,  the  premium  is  a  specified  sum  for 
each  $1000  insured,  and  hence  its  computation  does  not  involve 
the  principles  of  percentage. 

25.  A  man  38  years  of  age  has  his  life  insured  for 
$5000,  on  the  ten-year  plan,  at  $44.50  per  $1000:  what 
will  be  the  sum  of  his  premiums  should  they  all  be 
paid? 
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FORMULAS  AND  RULBB. 

Art.  243.     Formulas: 

1.  Premium  =  amount  insured  X  ratefo. 

2.  Rate%  =preni.  -5-  amount  insured. 

3.  Amount  insured  =  prem.  -z-rate%. 

4.  Property  and  premium  =  property  -s-  (1  —  rate%), 

Art.  244.     1.  To  find  the  premium: 

Rule. — Multiply  the  amount  insured  by  the  rate  per  cent. 

2.  To  find  for  what  sum  property  must  be  insured 
to  cover  both  property  and  premium : 

Rule. — Divide  the  value  of  the  property  insured  by  1  less 
the  rate  per  cent 

TAXES. 

Art.  245.  A  Tax  is  a  sum  of  money  assessed  on  the 
person,  or  property,  or  business  of  a  citizen,  for  the  sup- 
port of  the  government  or  for  other  public  purposes. 

A  tax  on  the  person  of  a  citizen  is  called  a  Poll  or  Capitation 
Tax ;  a  tax  on  property,  a  Property  Tax ;  and  a  tax  on  business, 
an  Excise  Tax. 

Art.  246.  A  tax  on  property  is  assessed  either  at  a 
given  rate  per  cent  of  the  valuation,  or  at  the  rate  of 
a  given  number  of  mills  on  the  dollar,  or  a  given 
number  of  cents  on  each  hundred  dollars. 

Property  is  classified  as  Real  Estate  and  Personal  Property. 
The  taxable  value  of  real  estate  is  appraised  by  officers  called 
Appraisers  or  Assessors,  and  the  value  of  personal  property  is  fixed 
by  the  owner,  under  oath,  or  by  the  assessor. 

Excise  taxes  consist  of  fees  for  business  licenses,  revenue  stamps 
for  business  papers,  postage  stamps,  taxes  on  manufactured  prod- 
ucts, as  distilled  and  malt  liquors,  tobacco,  etc. 
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WRITTEN     PROBLEMS. 

1.  The  valuation  of  the  taxable  property  of  a  village 
was  $632000,  and  a  tax  of  $9480  was  assessed  to  build 
a  school-house :  what  was  the  rate  of  tax  ? 

process.  Since  the  tax  was  .015  of  the 

$9480  -=-  $632000  =  .015  property,   the   rate  was  \\%  or 

Rate=  \\%,  or  15  mills.       15  mills  on  the  dollar. 

2.  The  tax  levied  in  a  certain  city,  for  all  purposes, 
was  $259776,  and  the  taxable  property  was  listed  at 
$21648000:  what  was  the  rate  %  of  tax?  The  rate  of 
tax  in  mills? 

3.  The  amount  of  tax  to  be  assessed  in  a  certain 
township  is  819340.20;  the  taxable  property  is  $1425400; 
and  the  number  of  polls,  assessed  at  $1.50  each,  Is  540: 
what  amount  of  tax  must  be  assessed  on  property? 
What  rate  per  cent? 

4.  The  cost  of  the  public  schools  of  a  certain  city 
for  the  next  school  year,  is  estimated  at  $36848:  what 
amount  of  school  tax  must  be  assessed,  the  cost  of  col- 
lecting being  2%,  and  allowing  6%  of  the  assessed  tax 

to  be  uncollectible? 

Since  2^,   of  tax   collected  is 
process.  paid  for  C0necti0n)  $36848  is  98% 

.98)836848  or  .98  of  the  tax  to  be  collected. 

.94)837600,   Tax  collected.        $36848  is  -98  of  $37600- 

aAf\r\r\r\     rp  ,  Since  6%  of  the  tax  assessed 

$40000,   Tax  assessed.         ig  not  conectible,  the  collectible 

tax,  or  $37600,  is  .94  of  the  tax 
to  be  assessed.  $37600  is  .94  of  $40000,  which  is  the  amount  to 
be  assessed. 

Note. — Since  the  amount  of  uncollectible  tax  can  only  be  es- 
timated, the  amount  to  be  assessed  may  be  found,  with  sufficient 
accuracy  for  all  practical  purposes,  by  adding  the  percentages  for 
collection  and  for  uncollectible  taxes  to  the  amount  of  money  to 
be  raised  for  the  given  purpose.  In  several  states,  taxes  are 
collected  by  officers  who  receive  a  salary. 
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5.  The ,  net  proceeds  of  a  certain  tax  assessment,  after 
deducting  \\%  forcollection,  were  S11703.84J,  and  1\% 
of  the  tax  was  not'  collected :  what  was  the  amount  of 
tax  assessed? 
^1  6.  The  amount  of  tax  assessed  on  the  property  of  a 
certain  city  was  S145850;  the  treasurer  was  allowed  a 
fee  of  |%  for  collection,  and  10%  of  the  tax  was  un- 
collectible :  what  were  the  net  proceeds  of  the  assess- 
ment? 

7.  The  taxable  property  of  a  certain  city  is  valued  at 
$87045060,  and  the  rate  of  tax  for  school  purposes  is  h\ 
mills  on  the  dollar:  what  is  the  amount  of  school  tax 
assessed  ? 

Suggestion. — Since  5|  mills  =  .005|  of  a  dollar,  the  tax  assestsed 
=  .005|  of  the  property. 


FORMULAS  AND  RULES. 

Art.  247.     Formulas: 

1.  Tax  =  property  X  rate%. 

2.  Rate  %=  tax  -4-  property. 

3.  Tax  collected  —  net  proceeds  -r-  (1  —  rate  %  for  collection). 

Art.  248.     1.  To  find  the  amount  of  tax: 

Rule. — Multiply  the  amount  of  taxable  property  by  the  rate 
of  tax,  expressed  decimally. 

2.  To  find  the  rate  of  tax  in  mills : 

Rule. — Divide  the  amount  of  tax  by  the  amount  of  prop- 
erty, and  express  the  quotient  as  thousandths.  The  number  of 
thousandths  will  be  the  number  of  mills. 

Art.  249.  The  labor  of  making  out  a  tax  list  may 
be  much  lessened  by  using  tables  giving  the  tax  on 
convenient  amounts  of  property,  at  the  given  rate. 
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CUSTOMS   OB   DUTIES. 

Art.  250.  Customs,  or  duties,  are  taxes  levied  by 
the  government  on  imported  goods. 

Ports  of  Entry  for  foreign  goods  are  established  by  law,  and 
at  each  port  of  entry  there  is  a  Custom  House,  where  customs  or 
duties  are  collected.  The  officer  in  charge  of  the  custom  house 
is  called  the  Collector  of  Customs,  and  a  list  of  the  rates  of  duties 
to  be  collected  is  called  a  Tariff. 

Art.  251.     Duties  are  specific  or  ad  valorem. 
Specific  Duties  are  customs  assessed  on  the  quantity 
of  goods  imported,  without  reference  to  their  value. 

In  specific  duties  certain  allowances  were  formerly  made  for 
waste,  leakage,  breakage,  etc.,  but  it  is  now  the  custom  to  count, 
measure,  or  weigh  imported  goods,  and  to  assess  the  duty  on 
the  amounts  thus  found. 

Ad  Valorem  Duties  are  customs  assessed  on  the  cost 
of  goods  in  the  country  from  which  they  are  imported. 

The  cost  of  imported  goods  is  shown  by  an  Invoice  or  Manifest, 
and  when  the  currency  of  the  country  from  which  goods  are 
imported  has  a  depreciated  value,  the  amount  of  depreciation  is 
stated  in  a  consular  certificate  attached  to  the  invoice.  When 
the  owner  or  consignee  can  not  exhibit  an  invoice  of  goods  at 
the  custom  house,  their  value  is  determined  by  appraisement. 

The  revenue  for  the  support  of  the  United  States  Govern- 
ment, called  United  Slates  Revenue,  is  derived  from  Duties  and 
Internal  Eevenue,  the  latter  consisting  chiefly  of  excise  taxes 
(Art.  245)  and  the  proceeds  of  the  sales  of  public  lands. 

Note. — Taxes  are  classified  as  direct  and  indirect.  Property  and 
poll  taxes  are  direct;  excise  taxes  and  duties  are  indirect,  since 
they  are  paid  indirectly  by  the  consumer. 


WRITTEN    PROBLEMS. 

1.  What  is   the  duty  on   650  yards  of  broadcloth,  in- 
voiced at  SI. 80  per  yard,  at  33J%  ad  valorem? 
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2.  What  is  the  duty  on  1500  yards  of  lace,  invoiced 
at  &lh  cts.  per  yard,  at  40%  ad  valorem? 

3.  What  is  the  duty  on  850  meters  of  French  silk, 
invoiced  at  81.15  per  meter,  at  50%  ad  valorem? 

4.  A  merchant  imported  4  cases  of  Irish  linen,  each 
case  containing  560  yards:  what  was  the  duty,  the 
invoice  price  being  42  cts.  per  yard  and  the  duty 
45%? 

5.  A  manufacturer  imported  from  Spain  40  bales  of 
wool,  400  lb.  each,  invoiced  at  45  cts.  per  pound,  and 
20  bales,  350  lb.  each,  invoiced  at  40  cts. :  what  was 
the  duty,  at  20%  ad  valorem  ? 

6.  A  merchant  imported  1450  yards  of  broadcloth, 
invoiced  at  82.15  a  yard ;  3240  yards  of  Brussels  carpet- 
ing, invoiced  at  81.60;  and  480  yards  of  silk,  invoiced 
at  82.85:  how  much  was  the  duty  at  35%  for  the 
woolen  goods,  and  50%  for  the  silk? 

7.  The  duty  on  1250  yards  of  silk,  at  40%  ad  valorem, 
was  $1100:  what  was  the  invoice  price  a  yard?  For 
how  much  a  yard  must  the  importer  sell  the  silk  to 
clear  20%  ? 

8.  What  is  the  duty  on  240  tons  of  bar  iron  at  $17.50 
per  ton,  and  75  tons  of  steel  at  822  per  ton  ? 

Note. — Since  specific  duties  are  levied  at  a  given  rate  per 
pound,  ton,  gallon,  yard,  etc.,  their  computation  does  not  involve 
the  principles  of  percentage. 

9.  A  merchant  imported  from  Havana  225  hogsheads 
of  sugar,  475  lb.  each,  and  120  hogsheads  of  molasses, 
126  gal.  each :  what  was  the  duty  at  3  cts.  a  pound  for 
the  sugar,  and  8  cts.  a  gallon  for  the  molasses? 

Art.  252.     Formulas: 

1.  Ad  val.  duty  =  net  inv.  price  X  rate  %. 

2.  Net  inv.  price  =  ad  val.  duty  ^- rate  %. 
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BANKRUPTCY. 

Art.  253.  A  Bankrupt  is  a  person  who  fails  in 
business  and  has  not  property  enough  to  pay  all  his 
debts.     A  bankrupt  is  also  called  an  Insolvent. 

Art.  254.  An  Assignment  is  the  transfer  of  the 
property  of  a  bankrupt  to  certain  persons,  called  As- 
signees, whose  duty  it  is  to  convert  the  property  into 
money,  and  divide  the  net  proceeds  among  the  creditors. 

Art.  255.  The  property  of  a  bankrupt  is  called  his 
Assets,  and  the  amount  of  his  indebtedness,  his  Lia- 
bilities. The  assets  less  the  expenses  of  settling  are 
the  Net  Proceeds. 


WRITTEN    PROBLEMS. 

1.  A  merchant  failed  in  business,  owing  815750,  and 
his  assets  amount  to  $10515 :  what  per  cent  of  his  lia- 
bilities   can    he    pay,    allowing    $750    for    expense    of 

settling  ? 

Since  the  net  pro- 
peocess.  ceeds  of  his  assets  are 

$10515  -  $750  =  S9765,  net  proceeds.       tbut  f  of  his  liaf 'l 
$9765^*15750  =  .62,  or  62%  ££*  %?£7** 


dollar. 


2.  In  the  above  case  of  bankruptcy  there  are  four 
creditors,  whose  claims  are  respectively  $3580,  $4635, 
$5300,  and  $2235 :  how  much  will  each  receive  ? 

3.  Smith,  Jones  &  Co.  have  become  insolvent,  owing 
A  $3500,  B  $1250,  C  $3750,  D  $1000,  and  E  $2500; 
their  assets  amount  to  $7150,  and  the  expense  of  set- 
tling will  be  $550:  what  per  cent  of  their  liabilities 
can  they  pay?    What  will  each  creditor  receive? 
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4.  A  dry  goods  merchant  has  failed,  with  liabilities 
amounting  to  825000;  his  assets  in  goods  are  89500,  in 
building  and  lot  $5400,  and  in  bills  collectible  $2100; 
and  the  expense  of  settling  will  be  5%  of  the  assets: 
how  many  cents  on  the  dollar  can  he  pay? 


FORMULAS    AND    RULE. 

Art.  256.     Formulas: 

1.  Rate  %  =  net  proceeds  h-  liabilities. 

2.  D i uidend  — claim  X  rate  %. 

Art.  257.  To  find  what  per  cent  of  his  liabilities  a 
bankrupt  can  pay: 

Rule. — Divide  the  net  proceeds  of  his  assets  by  the  amount 
of  his  liabilities,  and  the  quotient  expressed  in  hundredths 
will  be  the  rate  per  cent. 

Note. — It  is  more  common  to  find  how  many  cents  on  the 
dollar  the  net  proceeds  will  pay ;  the  process  is  the  same. 

MISCELLANEOUS     WRITTEN     PROBLEMS. 

1.  A  lawyer  collected  a  bill  at  25%  commission,  and 
remitted  87.50  as  net  proceeds :  what  was  the  amount 
collected?     What  was  the  lawyers  commission? 

2.  A  book-seller  sold  a  lot  of  books  on  commission 
at  20%,  and  remitted  8160  as  net  proceeds:  for  how 
much  were  the  books  sold? 

3.  A  merchant  paid  a  broker  f  %  for  a  draft  of 
81280  on  New  York :  how  much  was  the  brokerage  ? 

4.  A  broker  bought  815600  worth  of  stocks  at  80  cts., 
and  charged  \%  '  what  was  his  fee? 

5.  Teas  costing  70  cts.  and  90  cts.  are  mixed  in  equal 
quantities,  and  sold  at  95  cts. :  what  is  the  gain  per  cent  ? 

6.  If  iron  ore  yields  65^%  of  iron,  how  much  ore 
will  be  required  to  yield  524  tons  of  iron? 

N.CJL 
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7.  A  grain  dealer  bought  500  bushels  of  wheat  at 
80  cts.,  700  bushels  at  85  cts.,  and  800  bushels  at  87-J- 
cts. ;  and  then  sold  the  entire  lot  at  92  cts. :  what  did 
he  gain  per  cent? 

8.  A  merchant  marked  a  lot  of  Brussels  carpeting 
at  $1.80  per  yard,  this  being  an  advance  of  25%  on  the 
cost:  what  per  cent  reduction  can  he  make  and  still 
gain  20%  on  the  cost? 

9.  A  factory  valued  at  $24000  was  insured  at  f  of 
its  value  at  f %  :  what  was  the  annual  premium? 

10.  A  company  insured  a  block  of  buildings  for 
$150000  at  |%,  but,  the  risk  being  too  great,  it  re-in- 
sured $40000  in  another  company  at  f%,  and  $35000 
in  another  company  at  f  %  :  how  muin  premium  did 
it  receive  more  than  it  paid? 

11.  What  amount  must  be  insured  to  cover  property 
worth  $2587,  and  premium  at  \%  ? 

12.  A  house  which  has  been  insured  for  $3500  for 
10  years,  at  |%  a  year,  was  destroyed  by  fire :  how 
much  did  the  money  received  from  the  company  ex- 
ceed the  cost  of  premiums? 

13.  A  steamer  burned  in  1869  had  been  insured  by  a 
single  company  20  years,  for  $40000,  at  2J%  a  year: 
what  was  the  actual  loss  to  the  company,  no  allowance 
being  made  for  interest? 

14.  A  merchant  shipped  a  cargo  of  flour  from  New 
York  to  Liverpool,  and,  to  cover  both  the  flour  and  the 
premium,  he  took  out  a  policy  for  $50400,  at  3|%  : 
what  was  the  value  of  the  flour? 

15.  The  valuation  of  taxable  property  in  a  certain 
county  is  $35460850,  and  the  rate  of  tax  levied  is  25 
mills :  what  will  be  the  net  proceeds  of  the  tax,  the 
cost  of  collection  being  3%,  and  8%  of  the  tax  being 
uncollectible?       > 

16.  A  merchant  imported  90  chests  of  tea,  each  con- 
taining 65  pounds,  and  75  sacks  of  coffee,  each  contain- 
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ing  80  pounds,  the  tea  being  invoiced  at  62|  cts.,  and 
the  coffee  at  18f  cts. :  what  was  the  duty,  the  rate  on 
the  tea  being  40%,  and  on  the  coffee  25%  ? 

17.  The  entire  capital  stock  of  the  railroads  in  Ohio 
for  1882  was  8610728103,  and  their  net  earnings  for  the 
year  were  824414142 :  what  was  the  average  rate  of 
dividend  ? 

18.  The  capital  of  a  mining  company  is  $450000;  the 
gross  receipts  are  S70680 ;  and  the  expenses  are  S40325 : 
what  rate  of  dividend  can  it  declare,  reserving  a  surplus 
of  S6505  ? 

19.  A  speculator  bought  75  shares  of  Western  Union 
Telegraph  stoc'  at  102-J-,  and  sold  them  at  107J:  how 
much  did  he  gain,  brokerage  paid  for  buying  being  \% 
and  for  selling  \%  ? 

20.  An  agent  sold  45  sewing-machines  at  $75  apiece, 
and  9  at  $125  apiece,  and,  deducting  his  commission, 
remitted  $3375  to  the  manufacturer  as  proceeds:  what 
was  his  rate  of  commission  ? 

21.  A  factor  sold  $15000  worth  of  goods  at  10%  com- 
mission, and  invested  the  proceeds  in  cotton,  first  de- 
ducting 5%  commission  for  buying:  how  much  money 
did  he  invest  in  cotton? 

22.  Smith  &  Jones  sell  for  C.  Bell  &  Co.  3040  pounds 
of  butter  at  22  cts.  a  pound,  and  10560  pounds  of 
cheese  at  15  cts.  a  pound,  and  invest  the  proceeds 
in  dry  goods,  first  deducting  their  commission  of  5% 
for  selling  and  3%  for  buying:  how  much  did  they 
invest  in  dry  goods?  What  was  their  entire  com- 
mission ? 

23.  A  commission  merchant  sold  1300  barrels  of  flour 
at  $5.75  a  barrel,  receiving  a  commission  of  3J%,  and 
invested  the  net  proceeds  in  coffee  at  28  cts.  a  pound, 
first  deducting  2%  commission:  how  many  pounds  of 
coffee  did  he  purchase?  What  was  his  entire  com' 
mission  ? 
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INTEREST. 

ORAL    PROBLEMS. 

1.  Mr.  King  borrowed  S100  of  a  neighbor,  and  paid 
him  $6  for  the  use  of  the  money  for  one  year:  what 
per  cent  of  the  $100  did  he  pay  for  its  use? 

2.  If  Mr.  King  had  paid  $7  for  the  use  of  $100  for 
one  year,  what  per  cent  of  the  $100  would  he  have 
paid? 

3.  If  Mr.  King  had  paid  8%  of  the  $100  for  the  use 
of  it  one  year,  what  decimal  part  of  $100  would  he 
have  paid? 

Solution. — Since  8</0  =  .08,  he  would  have  paid  .08  of  $100. 

4.  If  Mr.  King  had  paid  7|-%,  what  decimal  part  of 
$100  would  he  have  paid? 

Art.  258.  The  money  paid  for  the  use  of  money  is 
interest,  and  the  money  for  the  use  of  which  interest 
is  paid  is  the  principal. 

5.  What  is  the  interest  of  $100  for  one  year  at  5%  ? 
At4|%?     At  5|%?     At9%?     At  10%?    At  15%? 

6.  What  is  the  interest 'of  $50  for  one  year  at  6%  ? 
At4%?    At5%?    At7%?    At9%?    At  10%  ? 

7.  What  is  the  interest  of  $400  for  one  year  at  5%  ? 
At  7%  ?     At  4|%  ?     At  6%  ?     At  8%     At  10%  ? 

8.  What  is  the  interest  of  $120  for  one  year  at  5%  ? 
At  6%  ?     At  8%  ?     At  1%  ?     At  3%  ?     At  10%  ? 

9.  What  is  the   interest  of  $250   for  3  years  at  6%  ? 

Solution.— The  interest  of  $250  for  1  year,  at  6f0,  is  $15,  and 
the  interest  for  3  years  is  3  times  $15,  which  is  $45. 

10.  At  8%,  what  is  the  interest  of  $150  for  2  years? 
For  k\  years  ?    h\  years  ?     8  years  ?    5  years  ? 
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1L  At  4|%,  what  is  the  interest  of  $200  for  3  years? 
4  years?     6^  years?    3-J-  years?    5-J-  years? 

12.  What  is  the  interest  of  $70  for  2  yr.  4  mo.  at  5%  ? 
Suggestion. — 4  months  =  £  of  a  year,  and  2  yr.  4  mo.  =  2\  yr. 

13.  At  4%,  what  is  the  interest  of  $150  for  3  years  3 
months  ?     For  5  yr.  6  mo.  ?     For  2  yr.  4  mo.  ? 

14.  What  is  the  interest  of  $60  for  5  years  6  months, 
at  4^?    At5%?    At6%?    At  8%  ?    At  10%  ? 

WRITTEN    PROBLEMS. 

15.  What  is  the   interest  of  $145.60  for  5  yr.  10  mo., 
at  b%1 

PROCESS. 

$145.60  5  yr.  10  mo.  =  5f  yr. 

.05 

$7.2800==  In*. /or  1  2/ear. 

°6 


$42.47  =  Jrtf.  for  5  3/r.  10  mo. 

16.  What  is  the  interest  of  $273.45   for  8  yr.  3  mo., 

at  10%  ?    At  8%  ? 

ifAaf  /s  the  interest  of: 

17.  $65.30  for  1  yr.  3  mo.,  at  6%  ?     At  8%  ? 

18.  $640.58  for  4  yr.  11  mo.,  at  b%  ?     At  10%? 

19.  $1000  for  1  yr.  1  mo.,  at  %\%  ?     At  7.3%? 

20.  $85  for  3  yr.  7  mo.,  at  7%  ?     At  4J%  ? 

21.  $38.10  for  6  yr.  3  mo.,  at  6%  ?     At  9%  ? 

22.  $84.75  for  2  yr.  5  mo.  21  da.,  at  8%  ? 

PROCESS. 

21  da.  =  .7  mo.  $84.75 

5  wo.  21  da.  =  5.7  mo.  =  .475  yr.  .08 

2  3/r.  5  me.  21  da.  =2.475  yr.     $6.78  00,  Jra*.  /or  1  yr. 

2.475 
$16.78  +,  Jh«./or  2  yr.  5  mo.  21  d* 
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23.  $208.44  for  7  yr.  8  mo.  15  da.,  at  6%  ?     At  b%  ? 

24.  $356.75  for  5  yr.  10  mo.  24  da.,  at  4%  ?     At  6%  ? 

25.  $184.80  for  1  yr.  1  mo.  10  da.  (1£  yr.),  at  9%  ?    . 

26.  $321.70  for  4  yr.  3  mo.  27  da.,  at  6f0  ?     At  4fc  ? 

27.  $356.50  for  3  yr.  9  mo.  25  da,  at  8%  ? 


•  ' 


PROCESS  BY  ALIQUOT  PARTS  FOR  DAYS. 
$356.50 

.08 


12)$28.5200  X  3  =  $85,560,  Int.  for  3  yrs. 
(Int.  for  1  mo.)  $2.3766  X  9  =  21.389,  Int.  for  9  mo. 
15  da.  =  £  mo.  1.188,  Jrrf.  /or  15  da. 

10  da.  =  £  wo.  .792,  J?^.  /or  10  da. 

$108,929,  Int.  for  3  yr.  9  wo.  25  da. 

What  is  the  interest  of: 

28.  $84.66  for  5  yr.  7  mo.  20  da,  at   10%  ?     At  5%? 

29.  $4000  for  10  yt  10  mo.  10  da,  at  7J%  ?     At  Uf0  ? 

30.  $1262.70  for  11  mo.  27  da.  at  6%  ?     At  1\%  ? 

31.  $504.08  for  3  yr.  1  mo.  1  da.  at  4%  ?     At  10%? 

32.  $3084.90  for  7  mo.  22  da,  at  b\%  ?     At  12%  ? 

33.  $2016.05  for  1  yr.  1  mo.  29  da,  at  4^  ?     At  8%  ? 

34.  What  is  the  amount  of  $80  for  2  yr.  15  da,  at  5%  ? 

Note. — The  amount  is  the  sum  of  principal  and  interest. 

What  is   the  amount  of: 

35.  $60.85  for  10  yr.  10  mo.  10  da,  at  6%  ?     At  4%  ? 

36.  $740.10  for  1  yr.  1  mo.  18  da,  at  5%  ?     At  8%  ? 

37.  $1.40  for  7  yr.  11  mo.  21  da,  at  8%  ?     At  1\%  ? 

38.  $121.75  for  3  yr.  18  da,  at  10%  ?     At  12%  ? 

39.  S80.65  for  1  yr.  6  mo.  12  da,  at  7%  ?     At  10J^  ? 

40.  $356.50  for  3  yr.  9  mo.  25  da,  at  8%  ?     At  5%  ? 

41.  $262.75  for  1  yr.  5  mo.  19  da,  at  6%  ?     At  9%  ? 

42.  $192.60  for  2  yr.  2  mo.  2  da,  at  5%  ?     At  12%  ? 

43.  8240  from  Feb.  15,  1878,  to  Apr.  27,  1879,  at  8%  ? 

44.  $180  from  May  14,  1873,  to  Aug.  28,  1875,  at  7%  ? 
46.  $137.50  from  July  3,  1882,  to  Feb.  3,  1883,  at  9%  ? 
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46.  8125.40  from  Mch.  1, 1882,  to  Jan.  10, 1883,  at  6J%  ? 

47.  8234.60  from  Aug.  2,  1877,  to  Mch.  8,  1878,  at  5J%  ? 

48.  $153.80  from  June  10,  to  Dec.  31,  at  5%? 

Note.— The  difference  of  time  in  the  above  problems  is  found 
by  compound  subtraction. 


DEFINITIONS,    FORMULAS,    AND   RULES. 

Art.  259.  Interest  is  compensation  for  the  use  of 
money. 

Art.  260.  The  Principal  is  the  sum  of  money  for 
the  use  of  which  interest  is  paid. 

Art.  261.  The  Amount  is  the  suin  of  the  principal 
and  the  interest. 

Art.  262.  The  Rate  of  Interest  is  the  number  of 
hundredths  of  the  principal  paid  for  its  use  for  one  year. 

The  rate  of  interest  fixed  by  law  is  called  the  legal  rate;  and 
any  rate  of  interest  higher  than  the  legal  rate  is  usury.  The 
legal  rate  of  interest  in  most  of  the  States,  and  on  debts  due 
the  United  States,  is  6^0.  In  several  States  a  rate  higher  than 
the  legal  rate  is  allowed,  when  so  stipulated. 

Art.  263.     Interest  is  Simple  or  Compound. 
Simple  Interest  is  interest  on  the  principal  only. 
Compound  Interest  is  interest  on  the  principal  and 
also  on  the  interest  when  due  (Art.  285). 

Interest  involves  the  element  of  time,  in  which  respect  it 
differs  from  the  previous  applications  of  percentage.  For  peri- 
ods of  time  greater  or  less  than  one  year,  the  interest  is  propor- 
tionally  greater  or  less  than  the  interest  for  one  year. 

Art.  264.     Formulas: 

t.  Interest  =  principal  X  rate%  X  time. 
2.  Amount  =  principal  ~f-  interest. 
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Art.  265.  To  find  the  interest  of  any  sum  of  money 
for  any  time,  at  any  rate  per  cent: 

Rules. — 1.  Multiply  the  principal  by  the  rate  per  cent, 
and  multiply  this  product  by  the  time  in  years  and  the  frac- 
tion of  a  year.     Or, 

2.  Multiply  the   interest  for   one  year   by  the  number  oj 
years,  -^   °f  the   interest  for   one  year   by   the   number  oj 
months,  and  find  the  interest  for  days  by  aliquot  parts.     The 
sum  of  the  several  results  will  be   the  interest  for  the  given 
time. 

Note.— In  solving  the  majority  of  problems  in  interest,  the 
reduction  of  the  months  and  days  to  a  decimal  of  a  year  will 
be  found  as  brief  as  the  method  by  aliquot  parts. 


THE   SIX  PER  CENT  METHOD. 
ORAL     EXERCISES. 

1.  What  decimal  part  of  the  principal  is  the  in- 
terest at  6%  for  1  year?  For  2  yr.?  3  yr.?  5  yr.? 
7  yr.  ? 

2.  What  decimal  part  of  the  principal  is  the  interest 
at  6%  for  1  month? 

Solution.— The  interest  for  12  months  at  6</c  is  .06  of  the  prin- 
cipal, and  for  1  month  the  interest  is  &  of  .06  of  the  principal, 
which  is  .005  of  the  principal. 

3.  What  decimal  part  of  the  principal  is  the  interest 
at  6%  for  2  months?     4  mo.  ?     6  mo.?     8  mo.? 

4.  What  decimal  part  of  the  principal  is  the  interest 
at  6%  for  30  days?    For  6  days?     For  1  day? 

Solution.— The  interest  for  30  days,  or  1  month,  is  .005  of 
the  principal ;  the  interest  for  6  days  is  ^  of  .005  of  the  principal, 
which  is  .001 ;  and  the  interest  for  1  day  is  £  of  .001  of  the  prin 
cipal,  which  is  .000^. 
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5.  What  decimal  part  of  the  principal  is  the  interest 
at  6%  for  6  days?     For  12  da.?     8  da.?     15  da.? 

Note.— The  interest  at  6<f0  for  1  yr.  =.06    of  the  principal. 
u  «         «     u     «     2  mo  — .oi     "    "  " 

"     «     «     x  mo_  .005  "    "  " 

«  «<  «      «       «      6   da    _    0Q1     <«      «  « 

"     "     "     1  da.  =.0001"     «  « 

WAaf  decimal  part  of  the  principal  is  the  interest  at  6<fD  for: 

6.  1  year  2  months?     2  yr.  4  mo.?     3  yr.  6  mo.? 

7.  4  years  5  months?     6  yr.  7  mo.?    5  yr.  9  mo.? 

8.  2  years  11  months?    3  yr.  9  mo.?     10  yr.  10  mo.? 

9.  2  months  12  days?    4  mo.  18  da.?     5  mo.  6  da.? 

10.  6  months  9  days?     8  mo.  15  da.  ?     10  mo.  21  da.? 

1 1.  5  months  13  days?     3  mo.  22  da.  ?     7  mo.  25  da.  ? 

1 2.  4  months  16  days  ?     6  mo.  29  da.  ?     10  mo.  10  da.  ? 

1 3.  6  months  18  days  ?    9  mo.  28  da.  ?     11  mo.  11  da.  ? 

14.  1  yr.  2  mo.  12  da.?    2  yr.  8  mo.  9  da.? 

15.  3  yr.  3  mo.  3  da.?    1  yr.  1  mo.  1  da.? 


^WRITTEN     PROBLEMS. 

16.  What  is  the  interest  of  $245.60  for  2  yr.  7  mo. 

18  da.,  at  6%  ?  . 

PROCESS. 

$245.60 

.158  Int.  for  2  yr.  =.12    of  prin, 

1964.80  I71^-  for  ^  m0- =  '035  of  prin, 

12280  0  Int'  for  18  da.  =  .003  of  prin. 

24560 


$38.80480,  Int. 


Int.  2  yr.  7  mo.  18  da.  =  .158  of  prin0 


17.  What  is  the  interest  of  $160.80,  at  6%,  for  1  yr. 
7  mo.  12  da.?     For  2  yr.  2  mo.  21  da.? 

18.  What  is  the  interest  of  $508.09,  at  6%.  for  3  yr, 
3  mo.  15  da.  ?    For  1  yr.  7  mo.  12  da.  ? 
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19.  What  is  the  interest  of  $245.60  for  2  yr.  7  ma 
21  da.,  at  9%  ?     At  11  Jg  ? 

PROCESS   (1).  PROCESS    (2). 

$245.60 

.1585  $38,928,  Int.  at  8%. 

$38,928",  Int.  at  6%.  19-464,  Int.  at  3%. 

19.464,  Int.  at  3%.  12.976,  Int.  at  2%. 

$58,392,  Int.  at  9%.  $71,368,  Int.  atll%. 

What  is  the  interest  of: 

20.  $540  for  10  mo.  24  da.,  at  6%  ?     At  8%  ? 

21.  $327.50  for  1  yr.  3  mo.  6  da.,  at  7%?     At  10%? 

22.  $142.64  for  2  yr.  15  da.,  at  4%  ?     At  4J%  ? 

23.  $3008.75  for  4  yr.  1  mo.  20  da.,  at  5%?     At  9%  ? 

24.  $622.40  for  9  mo.  29  da.,  at  12%?     At  5%? 

What  is  the  amount  of: 

25.  $804.25  for  1  yr.  5  mo.  10  da.,  at  8%  ?     At  7J%? 

26.  $112.40  for  11  mo.  21  da.,  at  5J%  ?     At  6J%  ? 

27.  $2000  for  1  yr.  1  mo.  1  da.,  at  8%  ?     At  11%  ? 

28.  $5.90  for  3  yr.  3  mo.  3  da.,  at  3%  ?     At  12%? 

29.  $16.50  for  2  yr.  2  mo.  2  da.,  at  6%  ?     At  7^%  ? 

30.  $50.30  for  3  yr.  3  mo.  3  da.,  at  8%  ?     At  5%  ? 
'  31.  $200  for  4  yr.  4  mo.  4  da.,  at  4%  ?     At  10%  ? 

32.  What  is  the  interest  of  $108.60,  from  Sept.  12, 
1876,  to  May  6,  1880,  at  6%  ?     At  8%  ? 

33.  What  is  the  interest  of  $15.80,  from  Oct.  23,  1875, 
to  Apr.  12,  1879,  at  8%  ?     At  9%  ? 

34.  A  note  of  $565.80,  dated  June  3, 1874,  was  paid  Nov. 
28, 1879,  with  interest  at  7%  :  what  was  the  amount  paid? 

35.  A  man  borrowed  $60  May  10,  1874,  and  paid  it 
March  4,  1876,  with  interest  at  6%  :  what  amount  did 
he  pay? 

36.  A  debt  of  $40.50  was  paid  May  21,  1880,  with 
interest  at  6%  from  Nov.  9,  1874:  what  was  the  amount 
paid? 
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37.  A  note  of  $350,  dated  Oct.  17,  1875,  was  paid 
Apr.  11,  1878,  with  interest  at  7%  :  what  was  the 
amount  paid? 

38.  A  note  of  $150.75,  dated  June  15,  1877,  was  paid 
Jan.  1,  1880,  with  interest  at  5%  :  what  was  the  amount 
paid? 

39.  A  note  of  $1250,  dated  July  5,  1878,  was  paid 
June  1,  1880,  with  interest  at  8%  :  what  was  the  amount 
paid? 

40.  A  note  of  $87.50,  dated  Aug.  8,  1877,  and  bearing 
interest  at  10%,  was  paid  March  25,  1879:  what  was 
the  amount  paid? 

41.  A  note  of  $65.80,  dated  Feb.  20,  1878,  and  bear- 
ing interest  at  7%,  was  paid  June  25,  1880:  what  was 
the  amount  paid? 

Art.  266.     To  compute  interest  at  6%  : 

Rule. —  Take  as  many  times  6  hundredths  as  there  are 
years,  as  many  times  5  thousandths  as  there  are  months,  and 
as  many  times  ^  of  a  thousandth  as  there  are  days,  and  mul- 
tiply the  principal  by  the  resulting  decimal. 

2.  To  compute  interest  at  any  other  rate  than  6%  : 

Rule. — Find  the  interest  at  6%,  and  then  increase  or  di- 
minish this  interest  by  such  a  part  of  itself  as  will  give  the 
interest  at  the  given  rate. 

Notes. — 1.  Instead  of  finding  the  decimal  part  of  the  principal 
as  above,  interest  at  6<f0  may  be  computed  by  taking  6  times  as 
many  cents  as  there  are  years,  \  as  many  cents  as  there  are  months,  and  ^ 
as  many  milk  as  there  are  days;  and  then  multiplying  the  principal 
by  the  abstract  decimal  which  corresponds  to  the  interest  of  $1  thus 
found. 

2.  The  following  table  denotes  the  part  of  the  interest  to  be 
added  or  subtracted  to  give  the  interest  at  the  given  per  cent : 

7  <f0  =  6%  +  i  of  6%  10%  =  I  of  6%  X  10 
7i%  =  6%  +  i  of  6%  5  k  =  6<?o  —  i  of  6% 

8  k  =  Mo  +  i  of  6k  4  %  =  6%  —  i  of  6% 

9  if,,  =  6<fc  +  h  of  6%  4J%  =  6<?o  —  \  of  Q% 
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METHOD   BY  DAYS. 


Art.  267.  When  the  time  is  short,  it  is  the  custom 
of  bankers  and  other  business  men  to  compute  interest 
for  the  actual  number  of  days  included  in  the  time, 
each  day  being  considered  as  ^^  of  a  year. 


WRITTE  N     PROBLEMS. 

1.  What  is  the  interest  of  $80.60  from  March  15th  to 
June  10th,  at  6f0  ? 

process.  Since   interest  at  6<f0  is  i 

t     at       i    -i  c   i  &qc\  cc\  as  many  thousandths  of  the 

In  March  16  davs.  $80.60  •           .    .   *        x,                , 

nrx  ,  w  M  ,,  principal   as  there  are  davs 

In  Apr.     30  days.  M4j  {n  the  time>  the  interegt  of 

In  May      31  days.        32240  $80.60,  for  87  days,  is  I  of 

In  June     10  days.        8060  .087  times  $80.60.     I  of  .087 

6)87  days.  __      4030  =  .014J,   and  $80.60  X  .014| 

"lif  $1.16870  Int.   =$1.1687,  interest. 

ANOTHER    PROCESS. 

$80.60,      Principal.  Since  60  daVs  e(llial 

2  months,  or  %   of   a 

.806,      Int.  for  60  da.  year>  the  interest  for 

.2686|,  Int.  for  20  da.  =  \  of  60  da.      60  days  is  \  of  .06  of 

.0806,     Int.  for    6  da.  =^q  of  60  da.      the  principal,  which 

,0134jr,  Int.  for    1  da.  =\of    6  da.      is  .01  of  the  principal. 

C1  -,/jq-t       |-  .    /•,  qi-   »  Hence,    the    interest 

$1,168/   ,Int.jor8<aa.  ,         ',         ,  _  ,   . 

J  for  60  days,  at  6fc,  is 

found  by  removing  the  decimal  point  in  the  principal  two  places  to  the 

left,  and  the  interest  for  27  days  (87  days— 60  clays)  is  found  by 

taking  convenient  parts  of  the  interest  for  60  days. 

2.  What  is   the  interest  of  $125.80  from  July  5th  to 
Oct,  23d,  at  6%  ?     At  8%  ? 

3.  What  is  the  amount  of  $25.25  from  Oct.  30,  1882, 
to  Feb.  1,  1883,  at  6%  ?     At  74%  ? 

4.  What  is  the  amount  of  $65.80  from  Dec.  28,  1882, 
to  Mch.  15,  1883,  at  5%  ?     At  10%  ? 
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5.  What  is  the  amount  of  $75.40  from  Jan.  13,  1883. 
to  June  15,  1883,  at  8%  ?     At  7%  ? 

6.  What  is  the  amount  of  $120  from  Mch.  15,  1883, 
to  July  4,  1883,  at  1%  ?     At  9%  ? 

7.  A  note  of  8420,  dated  Jan.  25,  1883,  was  paid  Apr. 
16,  1883,  with   interest  at  8%:  what  was  the  amount? 

8.  A  man  borrowed  $150,  June  6th,  and  paid  it,  with 
interest  at  7%,  Sept.  24th:  how  much  did  he  pay? 

9.  A  note  of  $80,  dated  Jan.  15,  1878,  was  paid  June 
21,  1878,  with  interest  at   8%  :  what  was  the  amount? 

10.  A  note  of  8150,  dated  Mch.  30,  1883,  was  paid 
July  4,  1883,  with  interest  at  6%  :  what  was  the 
amount?     What  would  have  been  the  amount  at  7J%  ? 

Art.  268.     1.  To  compute  interest  for  days  at  6%  : 

Rules. — 1.  Multiply  the  principal  by  one  sixth  of  as  many 
thousandths  as  there  are  days  in  the  time.     Or: 

2.  Find  the  interest  for  60  days  by  taking  .01  of  the  prin- 
cipal; and  then  take  such  multiples  or  parts  of  this  interest 
as  the  given  time  may  require. 

Note. — The  interest  for  60  days  is  found  by  removing  the 
decimal  point  in  the  principal  two  places  to  the  left,  and  for  6 
days  by  removing  the  decimal  point  three  places  to  the  left. 

2.  To  compute  interest  for  days  at  any  rate: 

Rule. — Find  the  interest  at  6%,  and  then  increase  or  di- 
minish this  interest  by  such  a  part  of  itself  as  the  given  rate 
is  greater  or  less  than  6. 

Notes. — 1.  Since  the  common  year  consists  of  365  days,  instead 
of  360,  the  true  interest  for  360  days  is  ff §  or  |f  of  the  interest 
for  a  year ;  whereas,  by  the  above  method,  the  interest  for  360 
days  equals  the  interest  for  a  year.  Hence,  the  true  interest  for 
any  number  of  days  in  a  common  year  is  73  less  than  the  in- 
terest found  by  the  above  rule ;  in  leap  year  the  true  interest  is 
■^j-  less  than  the  interest  thus  found.  But  the  convenience  of  the 
method  which  allows  360  days  to  the  year,  has  secured  its  very 
general  adoption  by  the  business  men  of  the  country,  and  in 
several  states  it  is  sanctioned  by  law. 
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2.  An  accurate  rule  for  computing  interest  for  days  is,  to  take 
as  many  S6oths,  and  in  leap  year  as  many  366£/iS,  of  the  interest  for 
one  year  as  there  are  days  in  the  time.  In  Great  Britain,  a  day's 
interest  is  made  ^  of  a  year's  interest,  and  the  same  rule  is 
adopted  by  the  United  States  Government  in  computing  interest 
upon  bonds,  etc. 

3.  There  are  four  methods  of  finding  the  time  between  two 
dates : 

(1)  By  compound  subtraction,  allowing  30  days  to  the  month. 

(2)  By  finding  the  number  of  calendar  months  from  the  day  of  the 
month  of  the  first  date  to  the  corresponding  day  next  preceding  the  second 
date,  and  then  counting  the  actual  number  of  days  left.  This  method 
bas  been  legalized  by  a  number  of  States. 

(3)  By  taking  the  number  of  whole  years  and  finding  the  number  of 
days  in  tlie  part  of  the  year,^  each  day  being  reckoned  as  3^5  part  of 
a  year.  The  month  unit  is  thus  excluded.  This  is  the  method 
adopted  by  the  United  States  Government. 

(4)  By  counting  the  actual  number  of  days  between  the  two  dates, 
and  reckoning  each  day  as  ^  part  of  a  year.  This  method  gives 
the  exact  time,  and  is  generally  used  in  finding  the  time  of 
"short  paper." 

4.  Bankers  and  other  accountants  generally  use  "Time  Ta- 
bles," which  give  the  exact  number  of  days  between  any  two 
dates  less  than  a  year  apart,  and  "  Interest "  Tables "  which  give 
the  interest  of  $1  at  different  rates  for  years,  months,  and  days. 
These  tables  are  designed  for  use  in  business,  and  not  for  pupils 
in  the  schools. 

BANK  DISCOUNT. 

Art.  269.  When  a  bank  loans  money,  the  borrower 
gives  his  note  payable  at  a  specified  time,  without  in' 
terest.  This  note  is  then  discounted  by  taking  from 
its  face  the  interest  for  the  actual  number  of  days 
plus  three  days,  called  days  of  grace,  where  allowed 
by  law ;  and  the  difference,  called  the  proceeds,  is  paid 
to  the  borrower.  The  interest  thus  deducted  is  called 
bank  discount. 

A  note  is  payable  at  the  time  mentioned  in  it,  but  in  some 
states  three  days  of  grace  are  allowed.  (See  Art.  272).  The  date 
on  which  a  note  is  due,  or  matures,  is  called  the  date  of  maturity. 
The  date  when  payable  and  the  date  of  maturity  are  usually 
written  with  a  line  between  them,  thus :  Jan.  */xv  When  a  note 
drawing  interest  is  discounted  by  a  bank,  the  discount  is  com- 
puted on  the  amount  of  the  note  at  the  time  of  its  maturity. 
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WRITTEN     PROBLEMS. 

1.  What  is  the  bank  discount  of  a  note  of  $350,  pay- 
able in  60  days,  discounted  at  10%  ?  What  are  the 
proceeds  ? 

PROCESS    (1).  PROCESS    (2). 

$350. 

.0105  $350 

1750           60  da.  +  3  da.  =  63  da.  3.50 

3  50  .175 


6)83.6750  6)83.675 


$.6125  X  10  =  $6,125,  Bank  discount.  .6125 

$350—86.125  =  $313,875,  Proceeds.  $6,125,  Dig. 

Find  the  bank  discount  and  proceeds  of  a  note  of: 

2.  S250,  payable  in  90  days,  discounted  at  9%. 

3.  $145,  payable  in  60  days,  discounted  at  7%. 

4.  $80.50,  payable  in  30  days,  discounted  at  8^. 

5.  $1000,  payable  in  90  days,  discounted  at  1\%. 

6.  8750,  payable  in  45  days,  discounted  at  9  ft. 

7.  $1250,  payable  in  100  days,  discounted  at  6^. 

8.  $56,  dated  Jan.  1,  1882,  payable  May  1,  1882,  dis- 
counted at  6fc.     At  8%. 

9.  8120,  dated  April  3,  1881,  payable  June  15,  1881, 
discounted  at  8%.     At  10^. 

10.  $500,  dated  Dec.  15,  1880,  payable  Feb.  18,  1881, 
discounted  at  8^.     At  7%. 

11.  88.75,  dated  Nov.  21,  1880,  payable  March  12, 
1881,  discounted  at  9%.     At  8f0. 

1 2.  $400,  dated  March  4,  payable  July  24,  discounted 
at  5%.     At  8/0- 

13.  A  note,  dated  April  10,  1881,  is  payable  in  90 
days:  what  is  the  time  of  its  maturity? 

Xote. — The  date  of  maturity  is  found  by  counting  forward  the 
number  of  days  plus  three  days,  when  the  time  is  expressed  in 
days ;  and  the  number  of  calendar  months  plus  three  days,  when 
the  time  is  expressed  in  months. 


A 
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14.  A  note,  dated  Feb.  6,  1868,  was  payable  in  60 
days :  what  was  the  date  of  its  maturity  ? 

15.  A  note,  dated  Aug.  9,  1880,  is  payable  4  months 
from  date :  what  is  the  date  of  its  maturity  ? 

16.  A  note  of  $460,  dated  April  3,  1870,  and  payable 
in  90  days,  with  interest  at  6f0,  was  discounted  May 
10,  1870,  at  8%  :  what  were  the  proceeds? 

Suggestion.— Find  the  amount  of  $460  for  93  days,  at  6%,  and 
then  discount  this  amount  for  56  days,  at  %%. 

17.  A  note  of  $125,  dated  May  21,  1880,  and  payable 
in  60  days,  with  interest  at  6%,  was  discounted  May 
25,  1880,  at  10^  :  what  were  the  proceeds? 

18.  A  note  of  $1000,  dated  Aug.  15,  1879,  and  pay- 
able in  6  months,  with  interest  at  7^,  was  discounted 
Nov.  27,  1879,  at  9%  :  what  was  the  bank  discount? 

Suggestion. — Compute  the  interest  for  6  mo.  3  da.,  and  the 
discount  for  83  days. 

19.  A  note  of  $90,  dated  April  12,  1870,  and  payable 
in  4  months,  with  interest  at  5^,  was  discounted  June 
1,  1870,  at  7%  :  what  were  the  proceeds? 

20.  A  note  of  $650,  dated  March  2,  1869,  and  payable 
April  1, 1870,  with  interest  at  6%,  was  discounted  Feb.  3, 
1870,  at  6%  :  what  were  the  proceeds? 

21.  For  what  sum  must  a  note,  payable  in  60  days, 
be  drawn  to  produce  $493,  when  discounted  at  8%  ? 

Since  the  proceeds  of  $1  are 
$.986,  it  will  require  as  many 
61  —  $.014  =  $.986,  Pro.  of  p.  times  $1  to  produce  $493  as 
$493  -4-$.986  =  500  $-986    is    contained    times    in 

$1  X  500  =  $500,  Face  of  note.     ^93>  which  is  500  >  500  times 

J  $1  =  $500. 

22.  For  what  sum  must  a  note,  payable  in  90  days, 
be  drawn  to  produce  $1969,  when  discounted  at  6%  ? 


PROCESS. 
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23.  What  must  be  the  face  of  a  note,  dated  July  5, 
1881,  and  payable  in  4  months,  to  produce  $811,  when 
discounted  at  9fc  ? 

24.  What  must  be  the  face  of  a  note,  dated  Jan.  10, 
1870,  and  payable  in  3  months,  to  produce  $1938,  when 
discounted  at  12%  ? 


BUSINESS    OR    TRADE    DISCOUNT. 

25.  A  merchant  discounted  a  bill  of  $750,  payable  in 
4  months,  by  deducting  the  interest  for  the  time  without 
grace,  at  10%  :  what  were  the  cash  proceeds  of  the  bill? 

Note. — Business  men  often  discount  notes  and  bills,  not  draw- 
ing interest,  by  deducting  the  interest  for  the  time  by  months  or 
days,  as  the  time  is  expressed  in  the  paper  discounted,  and  with 
or  without  grace,  as  per  agreement.  This  is  usually  called  Busi- 
ness Discount.  Bills  due  in  three,  four,  or  six  months  are  often 
discounted  by  deducting  b<w  or  more  of  their  face,  without  regard 
to  time.     This  is  called  Trade  Discount. 

26.  A  note  of  8340,  due  in  9  months,  without  inter- 
est, was  discounted  by  deducting  the  interest  for  the 
time,  at  8%  :  what  was  the  cash  value  of  the  note? 

27.  A  merchant,  having  sold  a  bill  of  goods  amount- 
ing to  $1030,  on  three  months'  time,  allowed  5%  off 
for  cash :  what  were  the  cash  proceeds  of  the  sale  ? 

28.  A  retail  dealer,  having  bought  8950  worth  of 
goods,  on  6  months'  time,  cashed  the  bill  for  7\%  on°: 
what  were  the  cash  proceeds? 

29.  A  merchant  bought  a  bill  of  goods  amounting  to 
$675  on  60  days'  credit;  but,  obtaining  the  money, 
cashed  the  bill  at  5^  off:  what  was  the  cost  of  the 
goods  ? 

30.  A  grocer  bought  sugars  amounting  to  $725  on  90 
days'  time,  but,  being  offered  4%  off  for  cash,  borrowed 
the  money  at  a  bank  at  9%,  giving  his  note  for  90  days, 
without  grace,  and  cashed  the  bill.  What  was  the  face 
of  the  note?     How  much  did  he  gain? 

N.  C.  A.— If 
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31.  A  merchant  bought,  March  20,  1880,  a  bill  of 
goods  amounting  to  $3540,  on  three  months'  time,  but, 
being  offered  5^  off  for  cash,  he  borrowed  the  money 
at  a  bank  at  10  fo,  giving  his  note  for  the  time  without 
grace  and  cashed  the  bill.     How  much  did  he  gain  ? 

DEFINITIONS  AND   RULES. 

Art.  270.  Bank  Discount  is  the  interest  on  a  note 
paid  in  advance.      It  is  also  called  Bank  Interest. 

Art.  271.  The  Proceeds  of  a  note  is  the  sum  dis- 
counted, less  the  discount.  The  proceeds  are  also  called 
Avails  and  Cash  Value. 

Art.  272.  Days  of  Grace  are  the  three  days  allowed 
for  the  payment  of  a  note  after  the  specified  time. 

Days  of  grace  have  been  abolished  in  Alas.,  Cal.,  Colo.,  Conn., 
D.  C,  Del.,  Fla.,  Ida.,  111.,  Me.,  Md..  Mass.,  Mont,  N.  H.,  N.  J., 
N.  Y.,  N.  D.,  Ohio,  Ore.,  Pa.,  R.  I.,  Tenn.,  Utah,  Va.,  Vt.,  Wash., 
W.  Va.,  and  Wis. 

When  the  third  day  of  grace  falls  on  Sunday,  or  a  legal  holi- 
day, a  note  is  due  the  day  before  or  the  day  after,  according  to 
the  special  statute  of  the  State  in  which  the  note  is  drawn. 

A.RT.  273.  1.  To  compute  bank  discount: 
Rule. — Find  the  interest  on  the  sum  discounted  at  the 
given  rote  per  cent  and  for  the  actual  vumher  of  days  in 
the  time,  plus  three  days,  where  grace  is  allowed.  The  differ- 
ence between  the  sum  discounted  and  the  interest  thus  found 
will  be  the  proceeds. 

Note. — In  discounting  a  note,  bearing  interest,  the  interest  is 
computed  by  months  or  by  days,  according  as  the  time  is  ex- 
pressed in  the  note,  usually  computed  by  days. 

2.  To  find  the  face  of  a  note  yielding  a  given  proceeds : 

Bute. — Divide  the  given  proceeds  by  the  proceeds  of  $lfor 

the  given  time  with  grace,  where  allowed,  and  multiply  $1  by 

the  quotient. 

Note.—  Bank  discount  is  not  only  interest  paid  in  advance,  but 
the  interest  is  computed  on  both  the  proceeds  and  the  discount 
The  borrower  pays  interest  on  more  money  than  he  receives. 
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Promissory   Notes. 

Art.  274.  A  Promissory  Note  is  a  written  agree- 
ment by  one  party  to  pay  another  a  specified  sum  of 
money  at  a  specified  time. 

The  sum  of  money  specified  in  the  note  is  called  its  Face. 
The  person  who  signs  a  note  is  its  Maker;  the  person  to  whom 
it  is  payable  is  the  Payee;  and  the  owner  is  the  Holder.  The 
person  who  writes  his  name  on  the  back  of  a  note  as  security 
for  its  payment,  is  an  Indorser. 

A  note  signed  by  two  or  more  persons  who  are  jointly  liable 
for  its  payment,  is  a  Joint  Note.  A  note  signed  by  two  or  more 
persons  who  are  jointly  and  singly  liable  for  its  payment,  is  a 
Joint  and  Several  Note. 

A  note  payable  on  demand  is  a  Demand  Note;  a  note  payable 
at  a  future  specified  time  is  a  Time  Note. 

Art.  275.  The  following  are  the  more  common  forms 
of  promissory  notes: 


FORM  I.-Demaxd  Note. 

$95f$r.  Nashville,  Tenn.,  May  1,  1883. 

For  value  received,  I  promise  to  pay  to  John  Purdue, 
on  demand,  Ninety-five  ■£$$  Dollars. 

Henry   Smith. 

Note.—  A  demand  note  may  also  be  drawn  payable  to  "bearer" 
or  "order." 

FORM  II.—  Time  Note. 

$95T5-&  St.  Louis,  Mo.,  May  1,  1883. 

Ninety  days  after  date,  I  promise  to  pay  to  Martin 
L.  Peirce,  or  bearer,  Ninety-five  f5^  Dollars,  uith  interest, 
for  value  received. 

R.  W.  Stevens. 
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FORM  III.— Joint  and  Several  Note. 

$95_5^.  Louisville,  Ky.,  March  12,  1883. 

Four  months  after  date,  we  jointly  and  severally  prom- 
ise to  pay  Henry  H.  Jones,  or  order,  Ninety-Jive  -ffo  Dollars, 
with  interest  at  8%,  for  value  received. 

Thomas  Hughes, 

Charles  King. 

FORM  IV.— Note  Payable  at  a  Bank. 

$500.  New  York  City,  April  10,  1883. 

Sixty  days  after  date,  ice  promise  to  pay  to  Van  Antwerp, 
Bragg  &  Co.,  or  order,  at  the  First  National  Bank,  Five 
Hundred  Dollars,  for  value  received. 

Charles  Green  &  Co. 

Remarks.— 1.  A  note  should  contain  the  words  "value  re- 
ceived," otherwise  the  holder  may  be  required  to  prove  that  the 
maker  received  its  value.  The  sum  of  money  to  be  paid  should 
be  written  in  words. 

2.  When  the  time  for  the  payment  of  a  note  is  not  specified, 
it  is  due  on  demand.  If  the  place  of  payment  is  not  given,  it  is 
payable  at  the  maker's  residence  or  place  of  business. 

3.  When  a  note  contains  the  words  "with  interest,"  and  no 
rate  is  specified  (Form  II),  interest  accrues  at  the  legal  rate.  If 
the  words  "with  interest"  are  omitted  (Form  IV),  no  interest  ac- 
crues until  maturity,  when  the  note  draws  interest,  at  the  legal 
rate,  until  paid. 

Art.  276.  A  Negotiable  Note  is  one  which  may  be 
bought  and  sold. 

A  note  is  negotiable  when  it  is  made  payable  "to  the  bearer" 
or  to  the  payee  "or  bearer,"  or  to  the  payee  "or  order."  A 
note  drawn  as  in  Form  I.  is  not  negotiable. 

A  note  made  payable  to  the  bearer  is  negotiable  without  in- 
dorsement. United  States  treasury  notes  and  bank  notes,  used  as 
money,  are  payable  to  the  bearer,  and  are  transferred  by  delivery. 
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A  note  payable  to  order  must  be  indorsed  by  the  payee  before 
it  is  negotiable ;  and  each  holder  in  his  turn  must  indorse  the 
note,  thus  becoming  liable  for  its  payment,  in  case  the  maker 
fails  to  pay  it  when  due.  An  indorser  may  free  himself  from 
responsibility  for  payment  by  accompanying  his  signature  with 
the  words  "without  recourse." 

When  the  payee  indorses  a  note  by  simply  writing  his  name 
on  the  back,  it  is  called  an  indorsement  in  blank,  and  the  note  is 
payable  to  the  holder.  When  the  indorser  orders  the  payment 
to  be  made  to  a  particular  person,  as,  "Pay  to  Charles  Williams," 
it  is  called  a  special  indorsement. 

Art.  277.  When  a  note  in  bank  is  not  paid  at  ma- 
turity, a  written  notice  of  the  fact,  made  by  a  notary 
public,  is  served  on  the  indorsers,  who  are  responsible 
for  the  payment  of  the  note.     Such  a  notice  is  a  Protest. 

A  protest  should  be  made  out  on  the  day  the  note  matures,  and 
it  must  be  sent  on  that  day  or  the  next,  otherwise  the  indorsers 
are  not  responsible. 

Art.  278.  A  Cheek  is  a  written  order  on  a  bank  by 
a  depositor  for  money. 

The  following  is  the  common  form  of  a  check : 


Lafayette,  Ind.,  Pfa*4jL-  1883. 

FIRST  NATIONAL  BAUK, 

Pay  to %&*»+  @$e.  ^^c _ 0r  order, 

^Dollars. 


'i-aS 


/       65 

$Cco  loo. 


100 


Note. — Before  this  check  is  paid,  it  must  be  indorsed  by 
William  M.  Bloss.  He  may  draw  the  money  from  the  bank,  or 
he  may  transfer  the  check  to  another  party,  who  must  also  in- 
dorse it,  as  in  the  case  of  the  transfer  of  a  promissory  note.  If 
the  words  or  bearer  are  used  in  place  of  or  order,  no  indorsement  is 
necessary,  and  anv  one  holding  the  check  may  draw  the  money. 
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PARTIAL  PAYMENTS. 

Art.  279.  When  partial  payments  have  been  made 
on  notes  or  other  obligations,  the  interest  is  computed 
by  the  following  rule,  which,  having  been  adopted  by 
the  Supreme  Court  of  the  United  States,  is  called  the 


UNITED    STATES   RULE. 

When  partial  payments  have  been  made,  apply  the  pay- 
ment, in  the  first  place,  to  the  discharge  of  the  interest  then 
due.  If  the  payment  exceeds  the  interest,  the  surplus  goes 
toward  discharging  the  principal,  and  the  subsequent  interest 
is  to  be  computed  on  the  balance  of  principal  remaining 
due. 

If  the  payment  be  less  than  the  interest,  the  surplus  of 
interest  must  not  be  taken  to  augment  the  principal,  but  in- 
terest continues  on  the  former  principal  until  the  period  when 
the  payments,  taken  together,  exceed  the  interest  due,  and  then 
the  surplus  is  to  be  applied  toward  discharging  the  princv 
pal,  and  the  interest  is  to  be  computed,  on  the  balance,  a$ 
aforesaid. 

Art.  280.  This  rule  is  based  on  the  following  prin 
ciples : 

1.  Payments  must  first  be  applied  to  the  discharge  of  in- 
terest then  due,  and  the  balance,  if  any,  to  the  payment  of 
the  principal. 

2.  Unpaid  interest  must  not  be  added  to  the  principal,  and 
thus  draw  interest. 

3.  Interest  must  accrue  only  on  the  principal 

Note.— -The  United  States  Rule  has  been  adopted  by  all  the 
states,  with  few  exceptions  (including  Vermont  and  Connecti- 
cut) ;  and  is  generally  used  when  the  time  between  the  date  of 
a  note  and  its  payment  exceeds  one  year. 
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WRITTEN     PROBLEMS 


L  A  note  of  8650,  dated  May  20,  1866,  and  drawing  in- 
terest at  6%,  had  payments  indorsed  upon  it  as  follows: 
Sept.    2,  1866,  825.        March  2,  1867,  8150. 
Dec.    20,  1866,  810.        July     8,  1867,  8200. 

What  was  the  amount  due  Nov.  11,  1867? 


PROCESS. 


1866 

9     2 

1866 

5    20 

3  mo.  12  da. 

$25. 

1866 

12    20 

1866 

9     2 

3  mo.  18  da. 

$10 

1867 

3     2 

1866 

12    20 

2  mo.  12  da. 

$150. 

1867 

7     8 

1867 

3     2 

4  mo.  6  da. 

$200. 

1867 

11    11 

1867 

7     8 

4  mo.  3  da. 

.017 


.018 


.012 


.021 


.0205 


$650 
.017 
4550 
650 

$11,050, 
650. 

$661.05 
25.00, 

$636.05, 
.018 

508840 

63605 


1st  interest. 


1st  payment. 
2d  principal. 


$10    $11.44890,     2d  interest. 

3d  principal. 


$636.05, 
.012 

$150    $7.63260, 
11.4489, 
636.05 


3d  interest, 
2d  interest. 


$655.1315 

160.00      2d+3d  payment 
$495. 131 5,       4th  principal. 
.021 
4951315 
9902630 
$10.3977615,     4th  interest. 
495.1315 


$505.5293 

200.00 
$305.5293, 
.0205 
15276465 
6110586 
$6.26335065, 
305.5293 


4th  payment. 
5th  principal. 


5th  interest. 


$311.7926,  AmH  due  Nw.  11, 1867, 
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The  first  step  is  to  find  the  difference  of  time  between  each 
two  consecutive  dates,  and  form  the  corresponding  decimal  mul- 
tipliers by  the  six  per  cent  method.  The  payments  may  be 
written  below.  This  preparation  will  lessen  the  liability  of  erroi 
in  the  calculation. 

Since  the  1st  payment  is  greater  than  the  1st  interest,  form 
the  amount  and  subtract  therefrom  the  payment;  the  difference 
is  the  second  principal.     Find  the  2d  interest. 

Since  the  2d  payment  is  less  than  the  2d  interest,  let  the  in- 
terest stand,  drawing  a  double  line  beneath  it,  and  bringing  down 
the  second  principal  for  a  3d  principal.     Find  the  3d  interest. 

Since  the  sum  of  the  2d  and  3d  payments  is  greater  than  the 
sum  of  the  2d  and  3d  interests,  form  the  amount  and  subtract 
therefrom  the  sum  of  the  2d  and  3d  payments;  the  difference 
is  the  4th  principal.     Find  the  4th  interest. 

Since  the  4th  payment  is  greater  than  the  4th  interest,  form 
the  amount  and  subtract  therefrom  the  4th  payment.  Compute 
the  interest  on  the  difference,  the  5th  principal,  to  the  last  date, 
and  form  the  amount,  which  is  the  sum  then  due. 

Notes. — 1.  Sometimes  an  estimate  of  the  interest  may  be  made 
mentally  with  sufficient  accuracy  to  determine  whether  it  is 
greater  or  less  than  the  payment.  If  greater,  the  sum  of  the 
two  or  more  decimal  multipliers  can  be  used  for  a  multiplier. 
Instead  of  multiplying  by  .018  and  .012  above,  .03,  their  sum, 
might  have  been  used. 

2.  When  the  rate  is  other  than  6^,  the  several  interests  should 
be  increased  or  diminished,  as  the  rate  may  require,  before  form- 
ing the  amounts. 

2.  A  note  of  $600,  dated  June  10,  1877,  had  indorse- 
ments as  follows:  Dec.  4,  1877,  $50;  March  25, 1878,  $12; 
July  9,  1878,  $75.  How  much  was  due  Oct.  15,  1878, 
at  6%  interest? 

3.  A  note  of  $1000,  dated  Apr.  10,  1874,  was  indorsed 
as  follows:  Nov.  10,  1875,  $80.50;,  July  5,  1876,  $100; 
Jan.  10,  1877,  $450.80;  \Oct.  1,  1879^8500^  What  was 
due  Jan.  1,  1880,  at  7%  interest? 

4.  A  note  of  $450,  dated  July  4,  1878,  was  indorsed 
as  follows:  Jan.  20,  1879,  $15;  June  9,  1879,  $200;  Oct. 
20,  1879,  $10.  What  was  due  Jan.  10,  1880,  at  10^ 
Interest  ? 
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5.  A  note  of  $850,  dated  March  4,  1875,  had  indorse- 
ments as  follows:  Sept.  1,  1875,  $12;  May  4,  1876,  $10; 
Sept.  15,  1876,  $250;  Jan.  20,  1877,  $400.  What  was 
due  July  1,  1878,  at  6%  interest? 

6.  $1250.  Cincinnati,  July  1,  1878. 

On  demand,  I  promise  to  pay  Peter  Smith,  or  order, 
twelve  hundred  and  fifty  dollars,  with  interest  at  lh%, 
for  value  received.  John  Coons. 

Indorsements:  Sept.  14,  1878,  $300;  Jan.  20,  1879,  $12; 
Oct.  20,  1879,  $20;  Nov.  8,  1879,  $500. 

What  was  due  on  the  above  note  Jan.  1,  1880? 

7.  $1000.  San  Francisco,  Apr.  10,  1881. 

For  value  received,  I  promise  to  pay  to  Wm.  Penn, 
Jr.,  or  order,  thirty  days  after  date,  one  thousand  dol- 
lars, with  interest  at  10^.  Gould  Dives. 

Indorsements:  July  28,  1881,  $500;  Dec.  13,  1881,  $8: 
Feb.  25,  1882,  $12;  July  7,  1882,  $125;  Oct.  3,  1882, 
$200;  March    15,  1883,  $50. 

What  was  due  on  the  above  note  June  3,  1883? 

Art.  281.  When  partial  payments  are  made  on  mer- 
cantile accounts,  past  due,  and  on  notes  running  a  year 
or  less 7  the  interest  is  often  computed  by 

THE   MERCHANTS'   RULE. 

Compute  the  interest  on  the  'principal  from  the  time  it  be- 
gins to  draw  interest  to  the  time  of  settlement,  and  also  on 
each  payment  from  the  time  it  was  made  to  the  time  of 
settlement. 

From  the  sum  of  the  principal  and  its  interest,  subtract  the 
sum  of  the  payments  and  their  interests,  and  the  difference 
will  be  the  balance  due. 
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8.  A  note  of  $520,  dated  April  12,  1883,  had  three 
indorsements,  as  follows:  May  20,  1883,  $120;  June  9? 
1883,  $12;  July  21,  1883,  $85.  What  was  due  Oct.  18, 
1883,  at  8%  interest? 

9.  A  note  of  $800,  dated  March  12,  1882,  and  draw- 
ing interest  at  8%,  was  indorsed  as  follows:  May  15. 
1882,  $200;  Aug.  10,  1882,  $75;  Oct.  20,  1882,  $125 
What  was  due  Dec.  30,  1882? 

10.  Payments  were  made  on  a  debt  of  $350,  due  Feb. 
1,  1882,  as  follows:  March  20,  1882,  $45;  May  1,  1882, 
$60;  July  5,  1882,  $80;  Oct.  1,  1882,  $50.  What  was 
due  Nov.  1,  1882,  at  6f0  interest? 

Note. — The  chief  aim  of  legislative  enactments  on  this  subject 
has  been  to  protect  the  debtor  from  paying  interest  on  interest,  but 
there  is  no  essential  difference  between  applying  payments  to  the 
discharge  of  interest  instead  of  principal,  and  paying  interest  on 
such  accrued  interest.  The  debtor  loses  the  use  of  so  much  of 
every  payment  as  is  applied  to  interest,  and  the  creditor  gains 
the  use  of  it.  The  "  Merchants'  Rule"  is  the  only  one  that  does 
not  practically  allow  interest  on  interest. 

ANNUAL  INTEREST. 

Art.  282.  When  a  note  reads  "  with  interest  pay- 
able annually,"  or  "  with  interest  annually,"  the  interest 
on  the  face  of  the  note,  due  at  the  close  of  each  year, 
is  called  Annual  Interest. 

Art.  283.  When  annual  interest  is  not  paid  at  the 
close  of  the  year,  when  due,  it  draws  simjjle  interest 
until  paid. 

In  several  of  the  states  it  is  not  legal  to  collect  interest  on 
unpaid  annual  interest ;  and  in  a  few  other  states  unpaid  annual 
interest  is  added  to  the  principal,  and  draws  annual  interest, 
thus  compounding  the  interest.     (Art.  285.) 

In  Ohio  and  several  other  states,  the  annual  interest,  if  not 
paid  when  due,  draws  simple  interest  at  the  legal  rate,  whatever 
may  be  the  rate  of  interest  prescribed  for  the  principal. 

A  knowledge  of  the  correct  method  of  computing  annual  interest 
may  be  of  much  practical  value  in  life. 
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WRITTEN    PROBLEMS. 


1.  A  note  of  $500,  dated  May  10,  1883,  is  due  in  4 
years,  with  interest  at  6%,  payable  annually:  if  both 
interest  and  principal  remain  unpaid,  what  will  be  the 
amount  due  on  the  note  at  maturity? 


$500  X  .06=     $30,  Interest  on  principal  due  annually. 
$30 X   4=   $120",   Total  annual  interest. 

$30  X  .06  X  3  =  5.40,  Simple  interest  on  1st  annual  interest  for  3  yr. 
$30  X  -06.X  2=  3.60,  Simple  interest  on  2d  annual  interest  for  2  yr. 
$30  X  -06  X    1  =     1-80,  Simple  interest  on  3d  annual  interest  for  1  yr. 

$130.80,  Total  interest  due  at  maturity  of  note,  6  yr. 
500.00 

$630.80,  Amount  due  at  maturity. 

or: 

3  yr.        $500  X -06        =  $30,      Annual  interest. 

2  yr.  $30X4  =$120,      Total  annual  interest. 

1  yr.  $30  X  -06  X  6  =     10.80,  Interest  on  annual  interest  for  6  yr, 

6  yr.  $130.80,  Total  .interest  due  at  maturity, 

500.00 
$630.80,  Amount. 

The  first  annual  interest  (S30)  due,  draws  simple  interest  for 

3  years ;  the  second  for  2  years  ;  and  the  third  for  1  year ;  and 
hence  the  simple  interest  on  the  several  annual  interests  equals 
the  interest  on  $30  for  3  yrs. +  2  yrs. +  1  yr.,  or  for  6  years. 
The  amount  due  on  the  note  at  maturity  consists  of  (1)  the 
principal;  (2)  the  total  annual  interest;  and  (3)  the  simple  interest 
on  the  annual  interests.     Hence,  the  amount  due  is  $500  +  $30  X 

4  -f-  $1.80  X  6,  or  $630.80. 

2.  A  note  of  $750,  with  interest  payable  annually, 
at  8%,  was  paid  3  yr.  3  mo.  18  da.  after  date,  and  no 
interest  had  been  previously  paid:  what  was  the 
amount  due? 


236         WHITE'S  NEW  COMPLETE  ARITHMETIC. 

PROCESS. 

$750 X. 08  =  $60.       Annual  interest. 
$60X3.3  =$198.00,  Total  an.  interest  for  3  yr.  3  mo.  18  da.  (3.3  yr.) 
$60  X- 312=  $18.72,  Simple  interest  on  $60  for  3  yr.  10  mo.  24  da. 

$750. 

$966.72,  Amount. 

The  first  annual  interest  draws  interest  for  2  yr.  3  mo.  18 
da. ;  the  second,  for  1  yr.  3  mo.  18  da. ;  and  the  third,  for  3  mo. 
18  da.  2  yr.  3  mo.  18  da. +  1  yr.  3  mo.  18  da. +  3  mo.  18  da.= 
3  yr.  10  mo.  24  da. 

Note. — In  Ohio  and  several  other  states,  the  interest  on  the 
unpaid  annual  interests  would  be  computed  at  6%,  the  legal  rate. 
$60  X  -234  =  $14.04,  simple  interest  on  annual  interests  at  6<&. 

3.  A  note  of  $1000,  with  annual  interest  at  6%,  is 
due  4  yr.  6  mo.  after  date:  no  interest  having  been 
paid,  what  will  be  due  at  maturity  ? 

4.  A  man  bought  a  farm  for  $3500,  to  be  paid  in  4 
years,  with  annual  interest  at  6^,  but  failed  to  pay  the 
interest:  what  was  due  at  the  close  of  the  4th  year? 

5.  Columbus,  Ohio,  July  1,  1881. 

On  the  first  day  of  January,  1884,  for  value  received, 
I  promise  to  pay  John  Black,  or  order,  six  hundred 
and  fifty  dollars,  with  interest  payable  annually,  at  7%. 

Charles  Church. 

If  no  interest  be  paid  on  the  above  note,  what  will 
be  due  at  maturity?  What  will  be  due  if  interest  on 
interest  be  computed  at  6^  ? 

6.  If  the  above  note  and  interest  be  not  paid  until 
Sept.  13,  1884,  what  will  be  the  amount  due?  What 
will  be  due  if  interest  on  interest  be  computed  at  6%  ? 

7.  A  note  of  $800,  dated  March  18,  1877,  and  due 
in  3  years,  with  interest  at  6%,  payable  annually,  has 
the  following  indorsements:  Oct.  24,  1878,  $150;  Nov. 
12,  1879,  $240.     What  was  due  March  18,  1880? 
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PROCESS. 

$800  X  -06  =  $48,  First  annual  interest. 


$48X2  =  $96,  Annual  interest  due  Mch.  18,  1879. 

$48X-06=     2.88,  Interest  on  1st  annual  interest. 

$98.88,  Interest  due  Mch.  18,  1879. 
800 


$898.88,       Amount  due  Mch.  18, 1879. 

Payment,  $150.       J  =$153.60,       Amount  of  $150,  Mch.  18,  1879. 
"Int.  on  same,  3.60.  j      mmm  ,       •       __  .     .     , 

$/4o.28,       JSew  principal. 

$745.28  X -06=  $44.716,  Interest  due  Mch.  18,  1880. 

$789,996,  Amount  due  Mch.  18,  1880. 

Payment,  $240.       )  =$245  04?  Amount  $240,  Mch.  18,  1880. 

Int.  on  same,  5.04.  j     — 

$544.9o6,  Amount  due  at  maturity 

Note. — The  annual  interest  and  the  interest  on  the  same  are 
computed  to  the  close  of  the  year  in  which  the  first  payment 
is  made,  and  the  interest  on  the  payment  is  computed  to  the 
same  date.  The  difference  between  the  amount  of  the  face  of 
the  note  and  the  amount  of  the  payment  is  the  new  principal 
for  the  third  year. 

8.  A  note  of  $500,  dated  Jan.  15,  1865,  and  due 
in  2  years,  with  interest  at  10%,  payable  annually, 
is  indorsed  as  follows:  May  21,  1866,  $100;  March 
9,   1867,   $200.     What   was   the   amount   due   July    15, 

1867? 

Art.  284.  1.  To  compute  annual  interest  when  not 
paid  until  maturity  of  note : 

Rule. — Compute  the  interest  on  the  principal  for  the  em- 
tire  time  it  is  on  interest,  and  the  interest  on  each  year's 
interest  for  the  time  it  is  unpaid.  The  sum  of  the  princi- 
pal, the  interest  on  the  principal,  and  the  interest  on  the 
unpaid  interest  will  be  the  amount  due. 

Note. — Instead  of  computing  the  interest  on  the  several  an- 
nual interests  separately,  simple  interest  may  be  computed  on  one 
year's  interest  for  a  time  equal  to  the  sum  of  the  periods  of  time  the 
several  annual  interests  are  unpaid,  as  in  the  solution  of  problem  2 
above. 
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2.  To  compute  annual  interest  when  partial  payments 
have  been  made: 

Rule. — 1.  Compute  the  interest  on  the  principal  to  the 
end  of  the  first  year  in  which  any  payment  is  made,  and 
also  the  interest  on  the  unpaid  annucd  interest  to  the  same 
date,  and  form  the  amount. 

2.  Compute  the  interest  on  the  payment  or  payments  to 
the  end  of  the  year,  and  form  the  amount. 

3.  Subtract  the  amount  of  the  payment  or  payments  from 
the  amount  of  the  principal  and  interest,  and,  taking  the 
difference  for  a  new  principal,  proceed  as   before  with  sue- 

payments,  making  the  date  of  settlement  the  last  date. 


Note. — This  rule  is  based  on  the  principle  that  the  payments 
with  added  interest  should  be  applied  first  to  the  discharge  of 
the  accrued  interest  at  the  end  of  a  year,  and  then  to  the  dis- 
charge of  the  principal.  When  the  amount  of  the  payment  or 
payments  will  not  cancel  all  the  interest  due,  the  unpaid  interest 
draws  simpte  interest  to  the  end  of  the  next  year  in  which  a 
payment  is   made. 


COMPOUND  INTEREST. 

Art.  285.  Compound  Interest  is  interest  on  the 
principal  and  also  on  the  interest,  which,  at  regular  in- 
tervals of  time,  is  added  to  the  principal,  forming  a 
new  principal. 

Interest  may  be  compounded  annually,  semi-annually,  or 
quarterly.  When  compounded  semi-annually,  the  rate  of  inter- 
est is  one  half  the  yearly  rate  ;  and  when  compounded  quarterly, 
the  rate  is  one  fourth  of  the  yearly  rate.  When  compounded 
annually,  each  year's  interest  draws  annual  interest,  the  same  as 
the  principal. 

WRITTEN    PROBLEMS. 

1.  A  note  of  8450  is  due  in  3  years  4  months,  with 
interest  at  6%,  compounded  annually:  what  will  be 
the  amount  due  at  maturity?  What  will  be  the  com- 
pound  interest  due? 
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PROCESS. 

$450 
.06 
$27.00  1st  year's  interest 
450. 
$477        2d  principal. 
.06 
$28.62       2d  year's  interest 
477. 
$505.62       3d  principal. 

.06 

$30.3372       3d  year 's  interest. 
505.62 
$535.9572       Amount  due  at  the  end  of  3d  year- 

.02 

$10.719144       Interest  for  4  months. 
535.9572 
$546.6763  Amount  due  at  maturity. 

450.0000 
$96.6763  Compound  interest  at  maturity. 

2.  What  is  the  amount  of  8600  for  4  years  at  5%, 
compounded  annually  ?    What  is  the  compound  interest  ? 

3.  What  is  the  compound  interest  of  81500  for  3 
years  at  10%  ?     At  8%  ? 

'I  What  is  the  amount  of  S800  for  2  years  at  6%, 
compounded  semi-annually  ? 

Suggestion. — Compute  the  interest  at  2><fc  for  4  years, 

5.  What  is  the  compound  interest  of  §650  for  3  yr.  4 
mo.  12  da.  at  6%  per  annum  ? 

Art.  286.     To  compute  compound  interest: 

Rule. — Find  the  amount  of  the  given  principal  for  one 
interval  of  time;  then,  taking  this  amount  as  a  new  princi- 
pal, find  the  amount  for  the  second  interval,  and  so  continue 
for  the  entire  time.  The  difference  between  the  last  amount 
and  the  principal  is  the  compound  interest  for  the  time. 

Note. — Compound  interest  is  usually  computed  by  the  aid  oi 
a  table  giving  the  amount  of  $1  at  different  rates,  and  for  any 
given  number  of  years. 
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THE  FIVE  PROBLEMS  IN   SIMPLE  INTEREST. 

Art.  287.  The  five  numbers  considered  in  interest 
are  the  Principal,  Rate  f0,  Time,  Interest  and  Amount. 
Such  is  the  relation  between  these  numbers  that,  if  any 
three   of  them  are  given,  the  other  two  may  be  found. 

2 

PROBLEM     I. 

PRINCIPAL,  RATE  PER  CENT,  AND  TIME  GIVEN  TO  FIND  THE  INTEREST 
OR  AMOUNT. 

Note. — This  problem  has  already  been  considered.  The  fol- 
lowing problems  may  be  solved  by  the  pupil  by  any  one  of  the 
preceding  methods,  but  in  the  last  three  problems  the  time 
should  be  found  by  the  method  by  days. 

1.  What  is  the  interest  of  $12.50  for  3  yr.  1  mo.  15 
da.,  at  6%  ?    At  10%  ? 

2.  What  is  the  interest  of  8160.80  for  2  yr.  3  mo.  3 
da.,  at  7%?     At  9%  ? 

3.  What  is  the  interest  of  81000  from  May  13;  1881, 
to  July  8,  1882,  at  6%  ?     At  7J%  ? 

4.  What  is  the  amount  of  8204.50  from  Jan.  21,  1879, 
to  Feb.  3,  1880,  at  9%  ?     At  12%  ? 

5.  A  note  of  $345.60,  dated  Feb.  5,  1880,  was  paid 
Aug.  20,  1882 :  what  was  the  amount  at  6%  ? 

6.  A  note  of  $252,  dated  March  9,  1879,  was  paid 
May  12,  1881:  what  was  the  amount  at  7%  ? 

7.  What  is  the  interest  of  $80.25  from  May  15  to 
Sept.  24,  at  6%  ?     At  8%  ? 

8.  A  note  of  $920,  dated  Jan.  4,  1883,  was  paid  Apr. 
3,  1883:  what  was  the  amount  at  9%  ? 

9.  A  note  of  $7.50,  dated  Apr.  20,  was  due  Oct.  12. 
with  interest  at  8%  :  what  was  the  amount? 

Art.   288.     Formulas: 

1.  Interest  =  principal  X  rate  %  Xtime. 

2.  Amount  =  principal  -\-  interest. 
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PROBLEM     II. 
PRINCIPAL,  INTEREST,  AND  TIME  GIVEN  TO  FIND  THE  RATE. 

10.  The  interest  on  $540  for  8  mo.  18  da.  was  $27.09: 
what  was  the  rate? 


PROCESS. 

$540 
.043 


Since  the  interest  on  $540  for 
8  mo.  18  da.,  at  l<f0,  is  $3.87,  the 
rate  which   produced  $27.09  in- 
terest was  as  many  times  1  as 
1620  $3.87    is     contained     times    in 

2160  $27.09,  which  is  7.    Hence,  the 

6)$23.220,  Interest  at  6%.       interest  accrued  at  7%. 

©o  on       t  *       4.     *  1  n  The   interest  at   1%  may  also 

$3.87,     Interest  at  1%.       be  found   by  ^^^ 

$27.09  -f-  $3.87  =  7,  Rate.        by  §  of  .043,  which  is  .007|. 

11.  The  interest  of  $456  for  3  yr.  5  mo.  18  da.  is 
$79.04:  what  is  the  rate? 

12.  The  interest  of  $560  for  2  yr.  4  mo.  15  da.  was 
$106.40:  what  was  the  rate? 

13.  The  interest  of  $95.40  for  3  yr.  9  mo.  is  $28.62: 
what  is  the  rate? 

14.  The  interest  of  $240  from  Feb.  15,  1878,  to  Apr. 
27,  1879,  was  $23.04:  what  was  the  rate? 

15.  The  interest  of  $252  from  Aug.  2,  1877,  to  March 
9,  1878,  was  $12.152: what  was  the  rate? 

16.  A  note  of  $345.60,  dated  Feb.  5,  1880,  was  paid 
Aug.  20,  1882,  and  the  amount  was  $407.088 :  what  was 
the  rate? 

FORMULA   AND   RULE. 

Art.  289.     Formula : 

Rate  =  interest  -f- (principal  X  1%  X  time). 

Art.  290.     To  find  the  rate: 

Rule. — Divide  the  given  interest  by  the  interest  of  the 
principal  for  the  given  time,  at  1  per  cent. 

N.  C.  A.— U. 
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PROBLEM     III. 
PRINCIPAL,  INTEREST,  AND  RATE  PER  CENT  GIVEN  TO  FIND  THE  TIME. 

17.  The  interest  of  $300,  at  9^,  is  $60.75:  what  was  the 

time? 

process.  Since  the  interest  of  $300  for 

$300  1  year,  at  9f0,  is  $27,  $300  must 

#09  be  on  interest  as  many  years  to 

WfjOO,  Interest  for  1  yr.      Produce  $60.75   interest  as  $27 

*  are    contained  times  m   $60./ 5, 

$60.75  --$27  =  2.25  which  is  2.25.    Hence,  the  time 

2.25  yr.  =  2  yr.  3  mo.         is  2.25  years,  or  2  yr.  3  mo. 

18.  The  interest  of  $908,  at  3^%,was  $79.45:  what 
was  the  time? 

19.  The  interest  of  $56.78  for  a  certain  time,  at  10%, 
was  $22.24:  what  was  the  time? 

20.  How  long  must  a  note  of  $300  run  to  give  an 
amount  of  $347.25,  at  6%  ? 

2 1.  In  what  time  will  any  principal  double  itself  at 
4%  interest?     At  6%  ?     At  10%? 

22.  In  what  time  will  any  principal  double  itself  at 
5%  interest?     At  7f0?     At  12%? 

23.  In  what  time  will  any  principal  treble  itself  at 
bf0  interest?     At  10%?     At  6^? 

FORMULA  AND  RULE. 

Art.  291.     Formula: 

Time  =  interest  -^-(principal  X  Tate  ^). 

Art.  292.     To  find  the  time: 

Rule. — Divide  the  given  interest  by  the  interest  of  the 
principal  for  1  year,  at  the  given  rate  per  cent. 

Note. — Reduce  the  fraction  of  a  year  to  months  and  days.  If 
preferred,  the  interest  may  be  divided  by  the  interest  for  1 
month,  at  the  given  rate  per  cent. 


$1X600=8600.    Ans. 


or: 
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PROBLEM     IV. 
INTEREST,  RATE  PER  CENT,  AND  TIME  GIVEN  TO  FIND  THE  PRINCIPAL.. 

24.  What  principal  will  produce  $49.20  of  interest  in 
1  yr.  4  mo.  12  da.,  at  (jfi  ? 

Since  SI  of  principal  produces 
process.  $.0S2    of    interest,    it    will    take 

$.082  =  Interest  of  81.         f  manJ  t[me?  S{  °f  Principal 

to     produce     £49.20    of    interest 

$49.20  ~  8.082  =  600  a&  $.082    is    contained  times  in 

$49.20,  which  is  600.  600  times 
$1  =  3600,  the  required  princi- 
pal.    Or, 

iSince  .  the    interest   of   $1    is 
Interest  of  81  =  .082  of  81.     .082  of  itself,  $49.20  is  .082  of 

$49.20  -  .082  =.-.  8600,  Ans.     the  required  principal.    $49.20-^- 
'  .082=8600. 

25.  What  principal  will  produce  815.24  interest  in  7 
mo.  6  da.,  at  8%  ? 

26.  What  principal  will  produce  81000  interest  in  5 
yr.  6  mo.  20  da.,  at  5%  ? 

27.  What  sum  invested  at  7%  will  produce  8378  in- 
terest annually?     8252? 

28.  What  sum  invested  at  5%  will  yield  an  annual 
income  of  817000?     810200? 

29.  What  sum  invested  at  4J^  will  yield  an  annual 
income  of  8900?    81350? 

30.  What  principal  will  produce  8220  interest,  from 
Oct.  25,  1881,  to  March  7,  1882,  at  8_%  ? 

31.  What  principal  will  produce  $17.78  interest,  from 
Jan.  10,  1884,  to  March  13,  1884,  computed  by  days, 
at  6%?     At  4%? 

FORMULA   AND  RULES. 

Art.  293.     Formula: 

Principal  =  interest  -f-  (rate  %  X  time). 
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Art.  294.  To  find  the  principal  when  the  interest, 
rate  per  cent,  and  time  are  given  : 

Rules. — 1.  Divide  the  given  interest  by  the  interest  of  $1 
for  the  given  time  and  rate  per  cent,  and  multiply  $1  by 
the  quotient.     Or, 

2.  Divide  the  given  interest  by  the  decimal  corresponding 
to  the  interest  of  $1  for  the  given  time  and  rate  per  cent. 


PROBLEM    V. 

AMOUNT,  RATE  PER  CENT,  AND  TIME   GIVEN  TO  FIND  THB 
PRINCIPAL. 

32.  What   principal  on   interest,  at  8%,  for   1    yr.    6 
mo.  18  da.,  will  give  an  amount  of  $730.60? 

The  interest  of  $1  for  1  yr.  6 
process.  mo.    18    da.   is   $.124,    and    the 

$1  124  =  amount  of  81.  amount  is  $L124'  If  the  amount 

of  $1    is  $1,124,  it  will  take  as 

$730.60 -J- $1,124  =  650       many    times    $1    to    yield     an 

d>i  v/  a~r\       <zazr\     a^  amount    of    $730.60     as    $1,124 

$1  X  6o0  =  $6o0,  Ans.      .  .  .     ,  *  .     _„  an 

is   contained    times    m   $/ 30.60, 

0R.  which  is  650.     Or, 

A™+    ^f  &1 1194  nf  «M  Since    the    amount   of   $1    is 

Amt.  of  $1  - 1.124  of  $1.      uM  Qf  itgelfj  $73Q  6Q  .s  llM  Qf 

$730.60  ^-1.124  =  $650,  Ans.    the  required  principal. 

33.  What  principal  on   interest,   at  5%,  for   1  yr.  10 
mo.  24  da.,  will  amount  to  $70,518? 

34.  What  sum   of  money  put  at  interest,  at  7^,  for 
8  mo.  18  da.,  will  amount  to  $567.09? 

35.  What   sum   of  money  put   at  interest,  at  8%,  for 
2  yr.  1  mo.  15  da.,  will  amount  to  $421.20? 

36.  What   sum   of  money   put    at   interest  March  15, 
1880,  at  6f0t  will  amount  to  $2600.40,  Aug.  6,  1881? 

37.  The  amount  is  $843,  the  time  1  yr.  6  mo.  18  da., 
and  the  rate  8 :  what  is  the  principal  ? 


SIMPLE  INTEREST.  246 

FORMULA   AND  RULES. 

Art.  295.     Formula: 

Principal  =  amount  -~  [1  -|-  {rate  %  X  time)]. 

Art.  296.  To  find  the  principal  when  the  amount, 
rate  per  cent,  and  time  are  given  : 

Rules. — 1.  Divide  the  given  amount  by  the  amount  of  $2 
for  the  given  time  and  rate  per  cent,  and  multiply  $1  by  the 
quotient.     Or, 

2.  Divide  the  given  amount  by  the  decimal  corresponding 
to  the  amount  of  $1  for  the  given  time  and  rate  per  cent. 

Note. — The  principal  thus  found  is  the  present  worth  of  the 
amount    See  next  article. 

MISCELLANEOUS     WRITTEN     PROBLEMS. 

L  What  is  the  interest  of  8205  for  2  yr.  5  mo.  24 
da.,  at  7%  ? 

2.  What  is  the  amount  of  8160,  from  Jan.  12,  1869, 
to  July  3,  1870,  at  8%  ? 

3-  At  what  rate  per  cent  will  $512  yield  $25,088  in- 
terest in  8  mo.  12  da.  ? 

4.  The  principal  is  $126.75,  the  interest  820.956,  and 
the  time  2  yr.  24  da. :  what  is  the  rate  ? 

5.  How  long  will  it  take  $5000  to  produce  $1125  in- 
terest at  8%  ? 

6.  The  principal  is  $326,50,  the  interest  $2.76,  and 
the  rate  8:  what  is  the  time? 

7.  The  amount  is  $1563.75,  the  interest  863.75,  and 
the  rate  7-g- :  what  is  the  time  ? 

8.  What  principal  will  yield  81.36  interest  in  20 
days,  at  6%  ? 

9.  What  principal,  at  7%,  will  amount  to  $659.40 
in  8  months? 
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10.  The  interest  on  a  certain  principal  from  Nov.  11, 
1877,  to  Dec.  15,  1879,  at  6%,  was  84.474:  what  was 
the  principal  ? 

11.  The  interest  is  $12.78,  the  time  1  yr.  2  mo.  6  da., 
and  the  rate  6 :  what  is  the  amount  ? 

12.  What  principal  will  amount  to  8609.20  in  4  mo. 
18  da.,  at  4%  ? 

13.  What  principal  will  amount  to  8288.85  in  1  yr.  6 
mo.,  at  6%  ? 

14.  What  principal  will  produce  820.23  interest  from 
Jan.  1  to  Oct.  20,  1883,  at  7%  ? 

15.  How  long  will  it  take  any  principal  to  triple 
itself  at  6%  ?     At  4f0  ?     At  10%  ? 

16.  What  is  the  amount  of  $420,  from  June  10,  1879, 
to  Jan.  21,  1880,  at  10  f0  ? 

17.  What  sum,  bearing  interest  at  5%,  will  yield  an 
annual  income  of  $1000? 

18.  What  sum,  bearing  interest  at  4J%,  will  yield  an 
annual  income  of  $  900  ? 

Note. — Pages  247-261  may  be  omitted  except  by  advanced  classes. 

PRESENT   WORTH. 

Art.  297.  The  Present  Worth  of  a  debt  due  at  a 
future  time,  without  interest,  is  the  sum  of  money 
which,  put  at  interest,  will  amount  to  the  debt  at  the 
time  it  is  due. 

Art.  298.  True  Discount  is  the  difference  between 
a  debt,  not  bearing  interest,  and  its  present  worth. 

It  is  called  true  discount  to  distinguish  it  from  bank  discount 
and  business  discount.  True  discount  is  the  interest  on  the 
present  worth  of  a  note  or  debt,  while  bank  discount  is  the  inter- 
est on  the  note  or  debt.  The  difference  is  the  interest  on  the 
true  discount  for  the  time.  True  discount  is,  however,  seldora 
used  in  business.     (For  Business  or  Trade  Discount,  see  p.  225.) 
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WRITTEN     PROBLEMS. 

1.  What  is  the  present  worth  of  a  note  of  $212,  dae 
1  year  hence,  without  interest,  the  current  rate  of  in- 
terest being  6%  ?     What  is  the  true  discount? 

process.  The    amount    of   $1    for    1 

$212  -=-  $1.06  =  200  year>  at  6/^> is  $L06> and  bence 

^,        _„        ™™    -r.  t       the  present  worth  of  $1.06,  due 

$1  X  200  =  $200,  Pres.  worth.     x  ^  hence>  fa  $1>    If'  the 

$212 — 200  =  $12,  True  dis.        present  worth  of  $1.06  is  $1, 

the  present  worth   of  $212   is 

OR:  as   many  times  $1  as  $1.06  is 

$212-=-1.06=$200,  Pres.  worth,     contained  times  in  $212,  which 

is  200.     Or,  since  $1.06  is  1.06 
of  $1,   $212  is   1.06   of   its   present   worth.    $212  -4-  1.06  =  $200. 

Note. — This  is  only  an  application  of  Problem  V.  The  debt 
corresponds  to  the  amount;  the  present  worth,  to  the  principal; 
and  the  true  discount,  to  the  interest. 

2.  What  is  the  present  worth  of  a  bill  of  $260  due 
in  8  months,  without  interest,  the  current  rate  of  in- 
terest  being   6?     What   is   the  true  discount? 

3.  What  is  the  present  worth  of  $220  due  in  1  yr.  6 
mo.,  without  interest,  current  rate  being  7? 

'4.  What  is  the  true  discount  of  $145.60  due  in  8  mo. 
12  da.,  without  interest,  current  rate  being  8  ? 

5.  What  is  the  present  worth  of  $305.75  due  in  9 
mo.  6  da.,  without  interest,  current  rate  being  9  ? 

6.  What  is  the  true  discount  of  $1250  due  in  1  yr. 
7  mo.  21  da.,  without  interest,  current   rate  being  5? 

7.  What  is  the  true  discount  of  $1508  due  in  90 
days,  without  interest,  current  rate  being  7? 

8.  What  is  the  true  discount  of  $2040.50  due  in  36 
days,  without  interest,  current  rate  being  10  ? 

9.  What  is  the  difference  between  the  true  discount 
of  $216,  due  in  2  years,  without  interest,  current  rate 
being   8,   and   the    interest  of  $216  for  2  years,  at  8%  ? 
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10.  What  is  the  difference  between  the  true  discount 
of  $199.80,  due  in  1  yr.  10  mo.,  without  interest,  cur- 
rent rate  being  6,  and  the  interest  of  $199.80  for  1 
yr.  10  mo.,  at  6%  ? 

11.  How  large  a  note,  due  in  1  yr.  6  mo.,  with  in- 
terest at  7%,  will  cancel  a  debt  of  $442,  due  in  1  yr.  6 
mo.,  without  interest? 

12.  What  is  the  difference  in  the  present  value  of  a 
cash  payment  of  $345,  and  a  note  of  $371  due  in  9 
months,  without  interest,  the  use  of  money  being 
worth  8%  ? 

FORMULAS  AND  RULES. 

Art.  299.     Formulas: 

1.  Present  worth  =  debt  -~  [1  -J-  (rate  </0  X  time)]. 

2.  True  discount  =  debt — present  worth. 

Art.  300.  To  find  the  present  worth  of  a  debt  due 
at  a  future  time,  without  interest : 

Rules. — 1.  Divide  the  debt  by  the  amount  of  $1  for  the 
given  time,  at  the  current  rate  of  interest,  and  multiply  $1 
by  the  quotient.     Or, 

2.  Divide  the  debt  by  the  decimal  corresponding  to  the 
amount  of  $1  for  the  given  time,  at  the  current  rate  of 
interest. 

STOCK  INVESTMENTS. 

To  Teachers. — It  may  be  desirable  to  review  Capital  Stock, 
pp.  195-199. 

Art.  301.  A  Bond  is  an  interest-bearing  note  issued 
under  seal  by  a  nation,  state,  city,  railroad  company, 
or  other  corporation. 

Bonds  are  issued  in  denominations  of  convenient  size,  as  $100, 
$1000,  etc.,  with  interest  payable  annually,  semi-annually,  or 
quarterly.  They  are  made  usually  negotiable  like  certificates  of 
capital  stock. 
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Art.  302.  The  bonds  issued  by  the  United  States 
Government,  called  United  States  Securities  or  Goverm 
ment  Securities,  are  of  two  classes;  viz,  Registered  Bonds 
and  Coupon  Bonds. 

Registered  bonds  are  recorded  in  the  name  of  the  owner  in 
the  United  States  Treasury  Department  at  Washington,  and  the 
interest  is  sent  directly  to  the  owner.  To  effect  its  transfer  from 
one  party  to  another,  a  registered  bond  must  be  indorsed  by  the 
owner  and  the  record  changed. 

Coupon  bonds  are  transferred  by  delivery  as  bank  notes.  The 
coupons  attached  to  these  bonds  are  interest  certificates,  which, 
as  the  interest  becomes  due,  are  cut  off  and  presented  to  the 
United  States  Treasurer  for  payment. 

Art.  303.  The  different  United  States  securities  are 
distinguished  by  the  rate  of  interest  and  the  date  at 
which  they  are  payable.  Thus,  "  U.  S.  3's,  1908," 
means  United  States  bonds  bearing  3%  interest,  and 
payable  in  1908. 

Most  United  States  bonds  are  payable  in  coin.  When  a  bond 
is  payable  in  currency,  this  fact  is  stated  in  its  description. 
Thus,  "  U.  S.  cur.  6's,  '99  "  were  bonds  bearing  interest  at  6  %,  and 
payable  in  currency  in  1899. 

Bonds  issued  by  corporations,  and  by  states,  cities,  etc.,  are 
distinguished  in  various  ways ;  as,  Missouri  6's,  Massachusetts 
5's,  '94;  Hartford  and  Erie  7's,  etc. 

Art.  30-4.  The  market  price  of  bonds,  like  that  of 
capital  stock,  is  quoted  at  a  specified  per  cent  of  their 
par  value.     (Art.  234.) 

The  quoted  price  of  United  States  securities  includes  the  accrued 
interest,  since  all  such  bonds  are  sold,  with  "  interest  to  buyer." 
Other  bonds  are  sometimes  quoted  with  "interest  to  seller."  The 
interest  on  several  classes  of  United  States  bonds  is  paid  quarterly. 

Art.  305.  Stocks  include  capital  stock,  bonds,  and 
other  securities  bought   and   sold  in  the   stock   market. 

The  business  of  buying  and  selling  stocks  is  called  Stock 
Jobbing,  and  persons  engaged  in  such  business  are  Stock  Brokers 
or  Stock  Jobbers, 
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An  association  of  stock  brokers  is  called  a  Stock  Exchange. 
The  transactions  of  the  New  York  Stock  Exchange  determine 
the  market  price  of  nearly  all  the  stocks  sold  in  this  country. 
Quotations  of  the  principal  stocks  are  published  in  the  leading 
daily  papers. 

Art.  306.  The  investing  of  money  in  stocks,  in- 
cluding capital  stock,  bonds,  and  other  securities,  is 
called  Stock  Investment. 

Since  both  dividends  and  interest  are  computed  on  the  face  of 
stocks,  the  value  of  an  investment  will  depend  on  the  rate  of 
dividend  or  interest  and  the  price  paid  for  the  stock. 


WRITTEN     PROBLEMS. 

1.  What  will  $50000  U.  S.  4's,  1907,  cost  at  119  ? 

Suggestion. — The  cost  of  stock  is  found  by  multiplying  tte  face 
by  the  quoted  price.     (Art.  238,  2.) 

2.  What  will  $3000  U.  S.  3's  cost  at  104?     At  102-J? 

3.  What  will  $24000  Michigan  7's  cost  at  112J? 

4.  How  much  stock  can  be  bought  for  $10450, 
at  104  J? 

process:  $10450  -*-  1.045  =  $10000,  stock. 

5.  How  much  Hartford  and  Erie  7's  can  be  bought 
for  $3680  at  115  ? 

6.  What  annual  income  will  be  derived  from  $340000 
invested  in  United  States  3's?      In  U.   S.  4's? 

7.  How  much  more  stock  can  be  bought  for  $11960 
at  115,  than  for  $7680  at  80? 

8.  What  income  will  be  derived  from  ;$8500  United 
States  4's?     Michigan  7's? 

9.  How  large  an  investment  in  Massachusetts  5's 
will  give  an  income  of  $1500? 

Solution. — Since  $1  gives  $.05,  it  will  require  as  many  times 
$1  worth  of  stock  as  $.05  is  contained  times  in  $1500,  which  is 
30000.     $1  X  30000  =  $30000      Or,  $1500  -^  .05  —  $30000. 
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10.  How  much  7%  stock  will  give  an  income  of 
$2863?    Of  $3570? 

11.  How  much  h%  stock  will  give  a  semi-annual  in- 
come of  $1250?    Of  $1750? 

Suggestion. — Find  the  annual  income  and  then  proceed  as  in 
problem  9. 

12.  What  annual  income  will  $3000  worth  of  7% 
stock  and  $3500  worth  of  6%  stock  yield? 

13.  A  widow  owns  $21000  United  States  bonds,  and 
receives  a  quarterly  income  of  $210:  what  is  the  rate 
of  interest? 

14.  A  bank  owns  S50000  Union  Pacific  bonds,  and 
receives  $1500  interest  semi-annually:  what  is  the  rate 
of  interest? 

15.  The  endowment  fund  of  a  college  is  invested  in 
bf0  state  bonds,  and  the  quarterly  income  is  $4250: 
what  is  the  amount  invested? 

16.  A  widow  invests  $10250  in  h%  stock  at  102J: 
what  income  will  she  receive? 

process:  $10250  -4-  1.025  =  $10000,  Stock. 
$10000  X    .05    =  $500,  Income. 

17.  A  college  invested  $616000  in  United  States  cur- 
rency 6's  at   112:  what  annual  income  did  it  receive? 

18.  What  income  will  be  derived  from  $6900  invested 
in  Michigan  7's  at  115? 

19.  A  person  invested  his  property  in  United  States 
4J's  at  112 J:  what  rate  of  interest  on  the  investment 
did   he  receive? 

Suggestion.— At  fl2|,  $100  stock  costs  $112.50,  which  paya 
$4.50  interest.    $4.50  -*-  $112.50  =  .04,  the  rate  per  cent. 

20.  If  Z\<f0  stocks  are  bought  at  87 J,  what  rate  of  in- 
terest will  the  purchaser  receive  on  his  investment? 

21.  At  what  price  must  bf0  stock  be  purchased  to 
yield  the  buyer  6%  interest  on  his  money? 


252  WHITE'S  NEW   COMPLETE  ARITHMETIC, 

22.  At  what  price  must  4^  stock  be  bought  to  yield 
the  same  interest  as  5%  stock  at  par? 

23.  If  88000  worth  (face  value)  of  6%  stock  be  sold  at 
120,  and  the  proceeds  invested  in  4|%  stock  at  96,  what 
will  be  the  change  in  the  income  ? 

24.  If  88000  worth  (face  value)  of  %\%  stock  be  sold 
at  87-J,  and  the  proceeds  invested  in  5%  stock  at  116f, 
what  will  be  the  change  in  the  income? 

25.  A  college  sold  8320000  worth  (face  value)  of  United 
States  currency  6's  at  112 J,  and  invested  the  proceeds  in 
Indiana  5  %  bonds  at  par :  what  was  the  loss  in  its  income  ? 

26.  A  widow  invested  $6550  in  gas  stock  at  110,  and 
the  stock  paid  an  average  annual  dividend  of  8%:  what 
was  her  income  ? 

27.  A  widow  sold  86000  worth  (face  value)  of  Missouri 
6's  at  115,  and  invested  the  proceeds  in  gas  stock  at  120, 
paying  an  average  annual  dividend  of  8%  :  what  was 
the  change  in  her  annual  income? 

28.  A  guardian  sold  87200  worth  (face  value)  of  Massa- 
chusetts 5's  at  par,  and  invested  the  proceeds  in  Michigan 
7's  at  120 :  what  was  the  change  in  his  ward's  income  ? 

29.  A  person  invested  82760  in  bank  stock  at  115, 
and  received  an  average  annual  income  of  $180:  what 
was  the  rate  of  dividend?  What  was  the  rate  of  in- 
terest on  the  money  invested  ? 

30.  Which  is  the  better  investment,  United  States 
H'b,  or  Missouri  6's,  both  at  par,  when  taxes  on  per- 
sonal property  average  2%  ?    When  taxes  average  \\%  ? 

Note. — United  States  bonds  are  not  subject  to  taxation,  but 
other  bonds  are  assessed  at  their  market  or  par  value,  as  state 
law  may  provide. 

31.  When  taxes  average  1J%,  and  taxable  bonds  are 
assessed  at  their  market  value,  which  is  the  better  in- 
vestment, United  States  3J's  at  par,  or  Massachusetts 
5's  at  120?  What  would  be  the  difference  in  income 
from  85000  worth  (face  value)  of  these  bonds? 
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32.  Which  is  the  better  investment,  United  States  4's 
or  Missouri  6's,  both  at  same  quoted  price,  when  taxes 
on  personal  property  average  16  mills  on  the  dollar., 
and  Missouri  bonds  are  assessed  at  par  value? 

33.  Which  is  the  better  investment,  United  States  5's 
at  115  or  Michigan  7's  at  120,  taxes  on  personal  prop- 
erty being  2%,  and  Michigan  bonds  being  assessed  at 
par  value? 

EXCHANGE. 

Art.  307.  A  Draft  is  an  order  made  by  one  party 
on  another  to  pay  a  specified  sum  to  a  third  party 
named.     It  is  also  called  a  Bill  of  Exchange. 

The  party  that  makes  the  order  is  called  the  Drawer;  the 
party  to  whom  it  is  addressed  is  called  the  Drawee;  and  the 
party  to  whom  the  money  is  payable  is  the  Payee. 

Art.  308.  Bills  of  Exchange  are  of  two  kinds:  Do- 
mestic, or  Inland,   and   Foreign. 

A  Domestic  or  Inland  Bill  is  a  draft  which  is  pay- 
able in  the  country  where  it  is  drawn. 

A  Foreign  Bill  is  a  draft  which  is  drawn  in  one 
country  and  payable  in  another. 

Art.  309.  Exchange  is  the  process  of  making  pay- 
ments  at  distant  places  by  the  remittance  of  drafts, 
instead  of  money. 

When  a  draft  can  be  bought  for  its  face,  it  is  said  to  be  at  par; 
when  the  cost  is  less  than  the  face,  it  is  below  par,  or  at  a  discount; 
and  when  the  cost  is  more  than  the  face,  it  is  above  par,  or  at  a 
premium.  The  rate  per  cent  which  the  cost  of  a  draft  is  more 
or  less  than  its  face,  is  called  the  Rate  of  Exchange. 

Note. — The  rate  of  exchange  between  two  places  depends 
chiefly  on  their  relative  trade.  If  Cincinnati  owes  New  York, 
drafts*  on  New  York  are  at  a  premium  in  Cincinnati ;  if  New  York 
owes  Cincinnati,  drafts  on  New  York  are  at  a  discount ;  if  the 
trade  of  the  two  cities  with  each  other  is  equal,  exchange  is  at  par 
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DOMESTIC    EXCHANGE. 

Art.  310.  The  following  are  the  common  forms  of 
domestic  or  inland  drafts  : 

FORM  I.— Sight  Draft. 

$100.  Cincinnati,  O.,  Oct.  1,  1880. 

Pay  to  the  order  of  Bartlit  &  Smith,  One  Hundred 
Dollars,  and  place  to  the  account  of 

Charles  S.  Kelley. 
To  George  Brown,  Esq.,  New  York. 

FORM  II.— Time  Draft. 

$100.  Cincinnati,  O.,  Oct,  1,  1880. 

Thirty  days  after  sight  [or  date'],  pay  to  the  order  of 
Bartlit  &  Smith,  One  Hundred  Dollars,  and  place  to  the 
account  of 

Charles  S.  Kelley. 
To  George  Brown,  Esq.,  New  York. 

When  the  drawee  accepts  a  draft,  he  writes  the  word  "Ac- 
cepted," with  the  date,  across  the  face,  and  signs  his  name,  thus: 
"Accepted,  Oct.  3,  1880— George  Brown."  The  draft  is  then 
called  an  Acceptance,  and  the  acceptor  is  responsible  for  its  pay- 
ment. 

A  draft  made  payable  to  bearer  or  order  is  negotiable,  like  a 
promissory  note,  and  is  subject  to  protest,  in  case  payment  ox 
acceptance  is  refused. 

Notes. — 1.  In  some  states  both  time  and  sight  drafts  are  en- 
titled to  three  days  of  grace.  In  New  York  no  grace  is  allowed 
on  sight  drafts. 

2.  When  a  draft  is  drawn,  "acceptance  waived,"  it  is  not  sub- 
ject to  protest  until  maturity  ;  and  when  an  indorser  writes  over 
his  name,  "demand  and  notice  waived,"  a  protest  in  his  case  is 
not  necessary. 

3.  The  liability  of  an  indorser  of  a  note  or  draft  may  be 
avoided  by  his  writing  over  his  indorsement,  "without  recourse." 
(Art.  276.) 


DOMESTIC  EXCHANGE.  255 


WRITTEN     PROBLEMS, 

1.  What  is  the  cost  of  a  draft  on  New  York  for  $800, 
exchange  being  j%  premium? 

process:  $800  X  .00f  =  86,  Prem. 
8800  +  86  =  8806,  Cost. 

2.  What  is  the  cost  of  a  draft  on  New  Orleans  for 
$1250,  at  \%  discount? 

3.  What  is  the  cost  of  a  draft  on  Philadelphia  for 
81050,  at  \%  premium? 

4.  A  merchant  •  in  St.  Louis  wishes  to  remit  $2500 
by  draft  to  New  York :  what  will  be  the  cost  of  the 
draft,  exchange  being  \\%  premium? 

5.  What  wTill  be  the  cost  of  a  draft  for  8-500,  payable 
in  30  days  after  sight,  exchange  being  1%  premium, 
and  interest  6%  ? 

PROCESS. 

$500. 

$500  X  .0055  =     82.75,  Discount  at  6%  for  33  days. 

8497.25,  Proceeds  of  draft  {cost  at  par). 

$500  X  .01    =       5.00,  Premium  at  1%. 

$502.25,  Cost  of  draft 

Note. — The  face  may  be  multiplied  by  the  cost  of  SI,  which 
is  $1  —$.0055  +  $.01,  or  $1.0045.     $500  X  1.0045  =$502.25. 

6.  What  will  be  the  cost  of  a  draft  for  8650,  payable 
in  60  days  after  sight,  exchange  being  \%  premium, 
and  interest  8%  ? 

7.  What  wrill  be  the  cost  of  a  draft  for  8320,  payable 
in  45  days  after  sight,  exchange  being  f  %  discount, 
and  interest  1%  ? 

8.  How  large  a  sight  draft  can  be  bought  for  8259.52, 
exchange  being  lf%  premium? 

process  :  $259.52  -4-  l.Olf  =  $256,  Face  of  draft. 
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9.  How  large  a  sight  draft  can  be  bought  for  $962.85, 
exchange  being  lf%  discount? 

10.  A  sight  draft,  bought  at  \%  premium,  cost 
$1256.25:  what  was  its  face? 

11.  A  sight  draft  cost  $4681.25  at  \\%  discount: 
what  was  its  face? 

12.  How  large  a  draft,  payable  30  days  after  sight, 
can  be  bought  for  8502.25,  exchange  being  1%,  and  in- 
terest 6%  ? 

PROCESS. 

$1  —  $.0055  =  $.9945,  Proceeds  of  $1  discounted  for  33  days. 
$.9945  +  $.01  =  $1.0045,  Cost  of  $1. 
$502.25  --  1.0045  =  $500,  Face  of  draft. 

13.  How  large  a  draft,  payable  60  days  after  sight, 
can  be  bought  for  $798.80,  exchange  being  1\%  pre- 
mium, and  interest  8%  ? 

14.  A  draft,  payable  in  30  days  after  sight,  was 
bought  for  $352.62,  exchange  being  \\%  discount,  and 
interest  6%  :  what  was  its  face? 

15.  A  commission  merchant  sold  $4750  worth  of 
wheat,  and,  after  deducting  his  commission  at  3%, 
purchased  with  the  proceeds  a  60-day  draft  at  10% 
interest,  and  at  |%  premium:  what  was  the  face  of 
the  draft? 


FOREIGN    EXCHANGE. 

Art.  311.  Foreign  Bills  of  Exchange  are  expressed 
in  the  currency  of  the  country  on  which  they  are 
drawn.  They  are  issued  in  sets  of  three,  of  the  same 
tenor  and  date,  called  the  First,  Second,  and  Third  of 
Exchange,  which  are  sent  by  different  mails  to  avoid 
delay  in  case  of  miscarriage.  When  one  is  paid,  the 
others  are  void. 
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Art,  312.     The   following   is  the  common  form  of  a 

foreign  bill  of  exchange : 


^xcliange  fog  *£sooo.  QUw  $/ew  <&frd  </,  StfcfJ. 

l^^^J^^after^^L^oj  this  ffrst  of  Exchange, 
$  Second  and  Third  of  the  same  tenor  and  date  unpaid, 

11  Xpay  t0  the  °rder  nf  ^^»  ©#Sk*um.       _. 


?  value  received,  and  place  the  same  to  the  account  of 


Art.  313.  The  comparative  value  of  the  currencies 
of  two  countries  is  called  the  Par  of  Exchange. 

The  commercial  value  of  foreign  exchange  may  be  higher, 
equal  to,  or  lower  than  the  par  of  exchange,  A  bill  payable  in 
sixty  days  costs  less  than  a  bill  payable  on  sight,  or  in  three 
days,  called  "short  sight." 

The  commercial  or  quoted  value  of  exchange  is  used  in  finding 
the  cost  of  a  foreign  bill. 


EXCHANGE  ON  GREAT  BRITAIN. 

Art.  314.  Bills  between  the  United  States  and 
Great  Britain  are  expressed  in  sterling  money,  and 
are  drawn  on  London.     They  are  called  Sterling  BilU. 

The  legal  or  par  value  of  a  pound  sterling  (<£) 

is  $4.8665 ;  and  this  is  now  the  custom  house 

value.    The  commercial  or  exchange  value  is 

quoted  in  dollars  and  cents,  gold.    The  gold 

coin,   whose  value   is   £1,   is  a  Sovereign.     A 

pound  equals  20  shillings  (s.),  and  a  shilling 

12  pence  (d.). 
n  c.  A.-ir 
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WRITTEN     PROBLEMS. 

1.  What  will  a  bill  on  London  for  £448  lis.  cost  in 
New  York,  when  sterling  exchange  is  quoted  at  4.86§? 

PROCESS. 

£448  lis.  =  £448.55 

$4.86§  X  448.55  =  $2182.943,  Cost  of  bill  in  gold. 

fc.  What  will  a  sterling  bill  for  £219  10s.  6d.  cost  in 
New  York,  when  sterling  exchange  is  quoted  at  4.91^? 

3.  What  will  a  bill  on  London  for  £200  12s.,  payable 
in  60  days,  cost  in  New  York,  when  sterling  exchange 
is  quoted  at  4.85f  ? 

4.  What  will  a  sight  draft  on  London  for  £300  8s. 
cost,  when  sterling  exchange  is  quoted  at  4.88? 

5.  What  will  a  sight  draft  on  London  for  £250  cost 
a  merchant  in  Cincinnati,  wrhen  sterling  exchange  is 
quoted  at  4.86,  and  the  broker's  commission  is  \%  of 
cost  of  draft  in  New  York? 

Note. — The  broker's  commission  is  sometimes  included  in  the 
quoted  price,  but  this  is  not  the  usual  custom. 

6.  What  amount  of  sterling  exchange  can  be  bought  for 
$1080.45  in  gold,  when  sterling  exchange  is  quoted  at  4.90? 

process  :  $1080.45  -*-  $4.90  =  220.5 ;   £220.5  =  £220  10s. 

7.  How  large  a  draft  on  London  can  be  bought  in 
Chicago  for  $2195.475,  wdien  sterling  exchange  is  quoted 
at  4.86§,  including  broker's  commission? 

8.  How  large  a  sight  draft  on  London  can  be  bought 
in  New  York  for  $1174.20,  when  sterling  exchange  is 
quoted  at  4. 89 J? 

Art.  315.     1.  To  find  the  cost  of  sterling   exchange. 

Rule. — Multiply  the  cost  of  £1  by  the  number  of  pounds 
denoting  the  face  of  the  bill 
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2.  To  find  the  amount  of  sterling  exchange  that  can 
be  bought  for  a  given  sum  of  United  States  money: 

Rule. — Divide  the  given  sum  of  money  by  the  cost  of  £1 
of  exchange. 

EXCHANGE    ON    FRANCE. 

Art.  316.  The  New  York  quotations  of  exchange  on 
Paris  give  the  number  of  francs  and  centimes  which 
are  equal  in  exchange  to  31  of  United  States  money 
(gold).  The  centimes  are  usually  expressed  as  hun- 
dredths. 

Quotations  on  Antwerp  and  Switzerland 
are  also  in  francs.  Quotations  on  Amsterdam 
are  in  guilders,  worth  about  41  cents. 

The  value  of  a  franc  is  $.192  nearly,  $1  being 
equal  to  5  francs  and  14|  centimes.  The  custom 
house  value  is  $.193. 

9.  What  will  be  the  cost  of  a  bill  on  Paris  for  3870 
fr.,  when  Paris  exchange  is  quoted  in  New  York  at 
5.16? 

process:  3870  fr.  -4-5.16  fr.  =  750;    SI  X  750  =  8750. 

Since  SI  will  buy  5.16  fr.,  it  will  take  as  many  times  $1  to 
buy  3870  fr.  as  5.16  fr.  is  contained  times  in  3870  fr.,  which  is 
750. 

10.  What  will  a  draft  on  Paris  for  6475  fr.  cost  in 
New  York,  when  Paris  exchange  is  quoted  at  5.18? 

1 1.  What  will  a  bill  on  Paris  for  5330  fr.  cost  in 
New  York,  when  Paris  exchange  is  quoted  at  5.12^? 

12.  What  amount  of  exchange  on  Paris  can  be  bought 
for  $1500,  when  Paris  exchange  is  quoted  at  5.14J? 

process:  5.14|  fr.  X  1500  =  7717.5  fr.,  Ans. 

13.  How  large  a  draft  on  Paris  can  be  bought  in  New 
York  for  £2432,  when  Paris  exchange  is  quoted  at  5.16f  ? 
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14.  What  will  be  the  cost  of  a  bill  on  Antwerp  for 
6418J  fr.,  when  exchange  is  quoted  at  5.13J? 

15c  What  amount  of  exchange  on  Switzerland  can  be 
bought  for  $650,  when  exchange  is  quoted  at  5.12-J? 
When  quoted  at  5.15? 

Art.  317.     1.  To  find  the  cost  of  exchange  on  Paris : 

Rule. — Divide  the  number  of  francs  in  the  face  of  the  bill 
by  the  number  of  francs  that  equal  $1  of  exchange. 

2.  To  find  the  amount  of  exchange  on  Paris  that  can 
be  bought  for  a  given  sum  of  money : 

Rule. — Multiply  the  number  of  francs  that  equal  $1  of  ex- 
change by  the  number  denoting  the  given  sum  of  money. 


EXCHANGE   ON  GERMANY. 

Art.  318.  Exchange  on  Germany 
is  quoted  at  so  many  cents  per  foui 
reichsmarks  (marks). 

The  par  value  of  a  mark,  the  new  Ger- 
man coin,  is  $  .238,  or  near  1  \  francs. 


16.  What  will  be  the  cost  of  a  sight  bill  on  Ham- 
burg  for  2240  marks,  when  exchange  is  quoted  in 
New  York  at  .96J? 

process:  S.96J  X  2240 -=-  4  ==  $539,  Cost. 

17.  What  would  be  the  cost  of  a  sight  bill  on  Berlin 
for  1680  marks,  when  exchange  is  quoted  at  .96^? 

18.  What  would  be  the  cost  in  St.  Louis  of  a  sight 
draft  on  Hamburg  for  3200  marks,  when  exchange  is 
quoted  at  .96$  ? 
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19.  What  amount  of  exchange  on  Frankfort  can  be 
bought  for  -$1752.60,  when  exchange  is  quoted  at  .95^? 

process  :  11752.60  -h  $  .95  J-  x4=  7360  marks. 

20.  What  amount  of  exchange  on  Berlin  can  be  bought 
for  $324,  when  exchange  is  quoted  at  .94J? 

21.  How  much  will  a  draft  for  960  marks  cost,  when 
exchange  is  quoted  at  .95|  ?     At  95j  ? 

22.  How  large  a  draft  on   Frankfort  can  be  bought 
for  $514.35,  when  exchange  is  quoted  at  .95J? 

23.  What  amount  of  exchange  on  Hamburg  can  be 
bought  for  $240,  when  exchange  is  quoted  at  .96^? 

Art.  319.     1.    To  find  the  cost  of  exchange  on  Ger- 
many : 

Rule.--- Multiply  the  cost  of  four  marks  by  the  number  of 
marks  in  the  face  of  the  bill,  and  divide  the  result  by  4- 


VALUE    OF    FOREIGN   MONEY. 


Art.  320.  The  values  of  the  standard  coins  of  other 
nations  m  United  States  money,  given  below,  are  the 
values  announced  by  the  Treasury  Department  on 
October  1,  1900.  Exercises  in  exchange  can  be  readily 
formed  by  the  teacher. 


Pound  sterling,  Great  Britain 

Franc,  France  and  Belgium 

Mark,  German  Empire 

Lira,  Italy 

Florin,  Netherlands 

Peseta,  Spain  . 

Crown,  Austria-Hungary 

Milreis,  Portugal     . 

Milreis,  Brazil 

Sol,  Peru 

Peso,  Chile 

Dollar  (Silver),  Mexico 

Yen,  Japan 

Peso,  Cuba 


14.8665 
.193 
.238 
.193 
.402 
.193 
.203 
1.080 
.546 
.487 
.365 
.490 
.498 
.926 
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MENTAL  REVIEW  PROBLEMS. 

Art.  321.  When  the  per  cent  is  an  aliquot  or  other 
convenient  part  of  100  per  cent,  many  problems  in  per- 
centage may  be  solved  mentally  by  using  fractional 
parts.  Pupils  should  become  familiar  with  this  shorter 
process. 

Inasmuch  as  only  a  limited  numoer  of  per  cents  are  conveniens 
parts  of  100  per  cent,  the  fraction  process  is  limited  in  its  use,  and 
hence  should  be  taught  after  the  percentage  method,  which  applies 
to  all  per  cents.  A  partial  method  properly  follows  the  general 
method. 

1.  What  per  cent  of  a  number  is  \  of  it  ?     J  of  it  ? 
|  of  it?     J  of  it?     \  of  it?     TVofit? 

2.  What  per  cent  of  a  number  is  |  of  it  ?     §  of  it  ? 
|  of  it?     fofit?     fofit?     |  of  it?     J  of  it? 

3.  What  part  of  a  number  is  25%  of  it?    75%  of  it? 
50%?     20%?     40%?     331%?     66|%? 

4.  What  part  of  a  number  is  121%  of  it  ?     371%  of 
it?     62|%?     871%?     6J%? 

5.  What  part  of  a  mile  is  1121%  0f  it?     125%? 
1331%?     116|%?     166f  %  ?     137i%?     1621%  ? 

6.  What  part  of  a  peck  are  4  quarts?  What  per  cent? 

7.  What  part  of   3  pecks   of   oats  are  3  quarts? 
What  per  cent? 

8.  What  part  of  a  pound  of  lead  are  4  ounces 't 
What  per  cent  ? 

9.  What  part  of  a  yard  are  9  inches?     What  per 
cent  ?     What  per  cent  of  a  yard  are  12  inches  ? 

10.  What  part  of  a  day  are  8  hours  ?  What  per 
cent  ?     What  per  cent  of  a  day  are  6  hours  ? 

11.  What  part  of  a  rod  are  5 J  feet  ?    What  per  cent ? 
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12.  What  part  of  2  hours  are  15  minutes  ?  What 
per  cent  ?     What  per  cent  of  2  hours  are  30  minutes  ? 

13.  What  part  of  .62J  is  .12J  ?     What  per  cent  ? 

14.  What  part  of  .66|  is  .16$  ?     What  per  cent  ? 

15.  What  part  of  50%  of  a  number  is  12  J  %  of  the 
number  ?     What  per  cent  ? 

16.  What  part  of  18£ %  is  6J%  ?     12J%  ? 

17.  What  part  of  75%  is  121%  ?     25%  ? 

18.  What  part  of  87|%  is  37|%  ?     62±%  ? 

19.  What  part  of  18f  %  is  37^%  ?     75%  ? 

20.  What  per  cent  of  a  foot  are  3  inches?    9  inches? 

21.  What  per  cent  of  a  yard  are  6  inches  ?  24  inches? 
30  inches  ?     9  inches  ?     18  inches  ?     27  inches  ? 

22.  What  per  cent  of  a  mile  are  40  rods  ?     160  rods  ? 

23.  What  per  cent  of  half  a  mile  are  80  rods?  40  rods? 

24.  What  per  cent  of  3  acres  are  80  square  rods  ? 

25.  What  per  cent  of  a  gross  of  pens  are  3  dozen  pens  ? 

26.  How  many  inches  in  16|%  of  a  yard  ? 

27.  How  many  square  rods  in  37  J  %  of  an  acre? 

28.  How  many  minutes  in  33J%  of  2  hours? 

29.  How  many  rods  in  12^%  of  a  mile?  12J%  of 
half  a  mile  ?     37£%  of  a  mile  ? 

30.  How  many  years  in  75%  of  a  century  ?     25%  ? 

31.  How  much  will  12J%  of  48  acres  of  land  cost  at 
$16  per  acre  ?     At  130  per  acre  ? 

32.  There  are  320  pupils  in  a  school  and  62J%  of  the 
pupils  are  girls :  how  many  girls  are  in  the  school  ? 

33.  A  farm  contains  240  acres,  and  37 \ %  of  it  is  sown 
to  wheat:  how  many  acres  are  sown  to  wheat  ? 

34.  A  man's  annual  income  is  81600,  and  he  spends 
62  J  %  of  it  for  family  expenses:  how  much  money  does 
he  thus  spend  ? 
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35.  A  son's  age  is  37|%  of  his  father's  age,  which  is 
56  years :  how  old  is  the  son  ? 

36.  A  farm  is  12J%  of  a  square  mile :  how  many 
acres  in  the  farm  ? 

37.  A  piece  of  flannel  containing  40  yards  shrank 
12|%  in  fulling:  how  many  yards  were  in  the  piece 
after  fulling  ? 

38.  A  school  enrolls  350  pupils,  and  the  average 
daily  attendance  is  80%  of  the  enrollment:  how  many 
pupils  on  the  average  are  in  daily  attendance  ? 

39.  The  width  of  a  field  is  62J%  of  its  length,  which 
is  160  rods :  how  many  rods  wide  is  the  field  ?  How 
many  acres  in  it  ? 

40.  A's  age  is  37J%  more  than  B's,  and  B's  age  is 
32  years  :  what  is  A's  age  ? 

41.  A  rectangular  field  is  40  rods  long,  and  the 
width  is  60%  of  the  length:  how  many  acres  in  the 
field? 

42.  A  table  marked  $12.50  was  sold  at  20%  dis- 
count :  for  how  much  was  it  sold  ? 

43.  The  number  of  youth  of  school  age  in  a  city  is 
12800,  and  62|-%  of  the  youth  of  school  age  are  en- 
rolled in  school :  how  many  pupils  are  enrolled  ? 

44.  The  population  of  a  city  by  the  census  of  1900 
is  27600,  and  331%  of  the  inhabitants  are  voters :  how 
many  voters  in  the  city  ? 

45.  A  man  failing  in  business  owes  $5600  and  can 
pay  only  37|-%  of  his  debts :  how  much  can  he  pay  ? 

46.  A  farmer  who  owned  240  acres  of  land  sold  60 
acres :  what  per  cent  of  his  land  did  he  sell  ? 

47.  A  merchant's  liabilities  are  $7500,  and  his  assets 
are  only  $5000  :  what  per  cent  of  his  indebtedness  can 
he  pay? 
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48.  A  cellar  contains  2700  cubic  feet :  what  per  cent 
of  it  will  be  excavated  when  30  cubic  yards  are  dug  ? 

49.  A  real  estate  dealer  sold  a  farm  for  12500,  and 
received  $50  as  commission :  what  per  cent  commission 
did  he  receive  ? 

50.  A  merchant  paid  18  for  a  chair,  and  sold  it  for 
$10  :  what  per  cent  did  he  make  ? 

51.  A  merchant  bought  a  chair  for  $10,  and  sold  it 
for  $8  :  what  per  cent  did  he  lose  ? 

52.  A  grocer  bought  a  barrel  of  sugar  containing 
200  pounds  for  $9,  and  sold  it  for  6  cents  a  pound : 
what  per  cent  did  he  gain  ? 

53.  A  coal  dealer  bought  coal  at  $2.50  per  ton,  and 
sold  it  at  $3.00  per  ton  :  what  per  cent  did  he  make  ? 

54.  An  agent  sold  a  house  and  lot  for  $4500,  and 
received  2%  commission:  how  much  commission  did  he 
receive  ? 

55.  330  miles  is  331%  0f  how  many  miles  ? 

56.  150  yards  of  ribbon  is  16J%  of  how  many  yards  ? 

57.  45  tons  of  coal  is  66^%  of  how  many  tons? 

58.  A  clerk's  expenses  are  $40  per  month,  which  is 
62^%  of  his  wages :  what  are  his  wages  per  month? 

59.  A  man  sold  a  carriage  for  $220,  which  was 
137J%  of  its  cost:  what  was  the  cost? 

60.  A  lot  was  sold  for  $450,  which  was  1121%  0f  the 
cost :  what  was  the  cost  ? 

61.  A  cow  was  sold  for  $42,  which  was  12J%  less 
than  the  price  paid :  what  was  the  cost  of  the  cow  ? 

62.  A  horse  was  sold  for  $84,  which  was  116f  %  of 
the  cost :  what  was  the  cost  of  the  horse  ? 

63.  A  man  who  is  making  a  journey  of  1000  miles 
has  traveled  750  miles :  what  per  cent  of  his  journey 
has  he  made  ? 
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64.  A  flag-pole  210  feet  high  was  broken  by  the 
wind  140  feet  from  the  ground :  what  per  cent  of  the 
pole  was  broken  off  ? 

65.  From  a  field  15  rods  long  and  8  rods  wide  a 
man  sold  a  lot  8  rods  long  and  3  rods  wide :  what  per 
cent  of  the  field  was  sold  ?     [Illustrate  by  a  diagram.] 

66.  What  will  be  the  duty  on  $1600  worth  of  silk 
at  62l%? 

67.  What  will  be  the  duty  on  360  yards  of  Irish 
linen  invoiced  at  50  cents  per  yard,  the  duty  being 
33^-%  of  the  invoice  price  ? 

68.  If  iron  ore  yields  75%  of  iron,  how  much  ore 
will  yield  120  tons  of  iron  ? 

69.  A  jeweler  sold  a  watch  for  $84,  and  made  16|% : 
what  was  the  cost  of  the  watch  ? 

70.  A  dealer  sold  a  piano  for  $160,  which  was  33^% 
less  than  the  cost :  what  was  its  cost  ? 

71.  A  man  sold  a  lot  for  $700  and  made  16|%  : 
what  was  the  cost  of  the  lot  ?    How  much  did  he  make  ? 

72.  A  piece  of  flannel  shrank  12^%  in  fulling  and 
then  contained  42  yards  :  how  many  yards  were  in  the 
piece  before  fulling  ? 

73.  A  conductor  receives  $60  per  month,  which  is 
20%  more  than  he  received  last  year:  what  were  his 
wages  last  year  ? 

74.  A  owns  132  acres  of  land,  which  is  37^%  more 
than  B  owns :  how  many  acres  does  B  own  ? 

75.  A  workman's  wages  were  increased  20%,  and  he 
is  now  paid  $42  per  month:  how  much  was  he  paid 
before  the  increase  ? 

76.  A  rectangular  field  is  60  rods  long  and  45  rods 
wide :  what  per  cent  of  the  length  is  the  width  ? 
What  per  cent  of  the  width  is  the  length? 
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77.  A  teacher  who  is  paid  $750  a  year  saves  $150; 
what  per  cent  of  her  salary  does  she  save  ? 

78.  A  dealer  sold  a  carriage  for  $360,  which  was 
20  %  more  than  its  cost :    what  was  its  cost  ? 

79.  How  much  will  12  shares  of  mining  stock  $100 
each  cost  at  16  J  %  premium  ? 

80.  How  much  will  15  shares  of  gas  stock  $100  each 
cost  at  120? 

81.  How  much  will  it  cost  to  insure  household  goods 
valued  at  $500  at  f  %  ? 

82.  Goods  listed  at  $240  were  sold  at  16|%  dis- 
count :    what  was  the  bill  ? 

83.  Which  is  the  greater  discount  on  goods,  "  20 
d  10  off,"  or  "30  off"? 

84.  Which  is  the  greater  discount,  "  20,  10,  and  5 
off,"  or  "35  off"?  What  is  the  difference  on  goods 
billed  at  $100  ? 

85.  If  12  is  6{%  of  a  number,  what  is  18f  %  of  the 
number  ? 

86.  18|%  of  a  number  is  32;  what  is  75%  of  the 
number  ? 

87.  If  37 \°lo  of  the  pupils  in  a  school  is  15,  how  many 
pupils  are  in  the  school? 

88.  If  60  trees  are  37J%  of  the  number  of  trees  in  an 
orchard,  how  many  trees  are  in  the  orchard  ? 

89.  A  farmer  sold  33^%  of  his  farm  and  then  had  80 
acres :  how  many  acres  did  he  sell  ? 

90.  A  miller  sold  18  J  %  of  his  stock  of  flour  and  then 
had  Q5  barrels  :  how  many  barrels  did  he  sell  ? 

91.  A  lot  that  cost  $1500  was  sold  for  133J%  of  the 
cost :  what  was  the  selling  price  ? 

92.  A  piano  marked  $150  was  sold  at  16f  %  off  for 
cash :  what  was  the  selling  price  ? 


ANALYSIS. 


Art.  322.  Analysis  is  the  process  of  separating 
a  problem  into  its  elements  to  find  the  value  of  some 
number  sought. 

Art.  323.     The  principles  and  processes  of  analysis 

have  both  been  used  throughout  the  preceding  pages, 

and  the  following  problems  are  here  added  to  afford 

a  special  drill  in  analytic  reasoning,  for  which  the  pupil 

is  well  prepared. 

The  drill  on  each  problem  should  be  continued  until  the  analysis 
is  made  with  requisite  accuracy  and  rapidity.  The  forms  of  analy- 
sis employed  should  be  simple  and  concise.  The  problems  in 
Proportion  (pp.  281-285)  may  also  be  solved  by  analysis. 

The  first  twelve  pages  of  the  Introduction  to  Algebra  in  the  ap- 
pendix may  properly  be  introduced  before  the  study  of  Ratio  and 
Proportion. 

ORAL    PROBLEMS. 

1.  If  J-  yd.  of  silk  cost  $|^,  what  will  J  yd.  cost  ? 

2.  If  |  of  a  barrel  of  flour  cost  $5J,  what  will  f  of  a 
barrel  cost  ?     f  of  a  barrel  ? 

3.  If  f  lb.  of  coffee  cost  15  cts.,  what  will  3£  lb. 
cost?    5ilb.?     12^  lb.? 

4.  A  man  sold  a  watch  for  $120,  which  was  f  of 
what  it  cost  him :  how  much  did  it  cost  ? 

5.  A  farmer  sold  a  horse  for  $90,  which  was  \  more 
than  its  cost :  what  was  the  cost  of  the  horse  ? 

6.  A  piece  of  flannel  lost  f  of  its  length  by  shrink- 
age in  fulling,  and  then  measured  30  yards :  what  was 
its  length  before  fulling? 

7.  |  of  my  money  is  in  my  purse,  |  in  my  hand, 
and  the  remainder,  which  is  25  cents,  is  in  my  pocket : 
how  much  money  have  I? 

8.  A  boy  having  f  of  a  dollar,  gave  f  of  his  money 
to  John  and  %  of  the  remainder  to  James :  what  part 
of  a  dollar  did  James  receive? 
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9.  A  farmer  sold  f  of  his  sheep  and  then  bought  f 
as  many  as*  he  had  left,  when  he  had  40  sheep :  how 
many  had  he  at  first? 

10.  John  lost  f  of  his  money  and  spent  ■£■  of  the  re- 
mainder, and  then  had  only  10  cents:  how  much 
money  had  he  at  first? 

1 1.  A  man  sold  a  horse  for  $60,  which  was  f  of  f 
of  its  cost :  how  much  was  lost  by  the  bargain  ? 

12.  A  man  sold  a  horse  for  8130,  which  was  f  more 
than  it  cost  him :  what  was  the  cost  of  the  horse  ? 

13.  If  a  staff  5  feet  long  casts  a  shadow  2  feet  long 
at  12  o'clock,  what  is  the  height  of  a  steeple  whose 
shadow,  at  the  same  hour,  is  80  feet? 

14.  If  a  staff  3  feet  long  cast  a  shadow  2  feet  in 
length,  how  long  a  shadow  will  a  tree  90  feet  high 
cast  at  the  same  time  of  day? 

15.  If  a  steeple  200  feet  high  casts  a  shadow  150  feet 
long,  what  is  the  height  of  a  pole  which,  at  the  same 
time  of  day,  casts  a  shadow  80  feet  long? 

16.  If  5  men  can  do  a  piece  of  work  in  12  days, 
how  long  will  it  take  6  men  to  do  it? 

17.  If  8  men  can  do  a  piece  of  work  in  15  days,  how 
many  men  can  do  the  same  work  in  10  days? 

18.  If  9  men  can  do  a  piece  of  work  in  4|  days,  how 
long  will  it  take  7  men  to  do  it? 

19.  If  3  pipes  will  empty  a  cistern  in  30  minutes, 
how  many  pipes  will  empty  it  in  10  minutes? 

20.  If  it  require  12  days  of  10  hours  each  to  do  a 
piece  of  work,  how  many  days  of  8  hours  each  will  be 
required  to  do  the  same  work? 

21.  If  a  five-cent  loaf  weigh  10  ounces  when  flour  is 
64  a  barrel,  what  ought  it  to  weigh  when  flour  is  $5  a 
barrel  ? 

22.  A  garrison  of  20  men  is  supplied  with  provisions 
for  12  days:  if  12  men  leave,  how  long  will  the  pro- 
visions serve  the  remainder? 
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23.  If  a  horse  eat  2  bushels  of  oats  in  6  days,  in 
how  many  days  will  2  horses  eat  18  bushels? 

24.  If  3  men  can  mow  18  acres  of  grass  in  4  days, 
how  many  men  can  mow  9  acres  in  3  days? 

25.  If  a  quantity  of  provisions  will  supply  15  men 
20  days,  how  long  will  it  supply  50  men? 

26.  If  5  men  can  do  f  of  a  piece  of  work  in  a  day, 
how  long  will  it  take  one  man  to  do  the  entire  work? 

27.  If  8  men  can  do  f  of  a  piece  of  work  in  3  days, 
how  long  will  it  take  4  men  to  do  the  entire  work? 

28.  If  20  men  earn  $120  in  4  days,  how  much  will  5 
men  earn  in  8  days? 

29.  If  5  horses  eat  40  bushels  of  oats  in  3  weeks,  how 
many  bushels  will  supply  12  horses  10  weeks? 

30.  If  8  men  can  dig  a  ditch  40  rods  long  in  6  days, 
how  long  will  it  take  12  men  to  dig  a  ditch  60  rods 
long? 

31.  If  the  interest  of  $50  for  9  months  be  S6,  what 
would  be  the  interest  of  $150  for  1  yr.  6  mo.  ? 

32.  A  school  enrolls  180  pupils,  and  the  number  of 
boys  is  -f  of  the  number  of  girls:  how  many  pupils 
of  each  sex  are  enrolled  in  the  school? 

33.  A  lady  paid  $130  for  a  watch  and  chain,  and  the 
cost  of  the  chain  was  f  of  the  cost  of  the  watch :  what 
was  the  cost  of  each  ? 

34.  A  man  bought  a  watch  and  chain  for  880,  and 
the  chain  cost  \  as  much  as  the  watch :  how  much  did 
each  cost? 

35.  A  has  1\  times  as  many  cents  as  B,  and  they 
together  have  40  cents :  how  many  has  each  ? 

36.  A  pole  120  feet  high  fell  and  broke  into  two  parts, 
and  f  of  the  longer  part  was  equal  to  the  shorter :  how 
long  was  each  part  ? 

37.  A  tree  120  feet  in  height  was  broken  into  two 
parts  by  falling,  and  -f  of  the  shorter  part  equaled  -f-  of 
the  longer:  what  was  the  length  of  each  part? 
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38.  A  person  giving  the  time  of  day,  said  that  f  of 
the  time  past  noon  equaled  the  time  to  midnight: 
what  was  the  hour  of  day? 

39.  What  is  the  hour  of  day  when  f  of  the  time  past 
noon  equals  f  of  the  time  to  midnight? 

40.  What  is  the  time  of  day  when  -f  of  the  time  to 
'noon  is  equal  to  f  of  the  time  past  midnight? 

41.  A  man  being  asked  his  age,  said  10  years  ago  my 
age  was  -J  of  my  present  age :  what  was  his  age  ? 

42.  A  son's  age  is  f  of  the  age  of  his  father,  and  the 
sum  of  their  ages  is  80  years :  what  is  the  age  of  each  ? 

43.  If  to   my  age  you  add  its  half,  its  third,  and  28 
"years,  the    sum   will   be  three   times   my  age:  what  is 

my  age? 

44.  J  of  A's  age  equals  j-  of  B's,  and  the  difference 
between  their  ages  is  10  years :  how  old  is  each  ? 

45.  A  horse  cost  $90,  and  t3q  of  the  price  of  the 
horse  equals  f  of  3  times  the  cost  of  the  saddle:  what 
did  the  saddle  cost? 

46.  A  man  bought  a  horse  and  carriage  for  $280,.  and 
-f  of  the  cost  of  the  carriage  was  equal  to  -§  of  the  cost 
of  the  horse :  what  was  the  cost  of  each  ? 

47.  A  man  bought  a  horse,  saddle,  and  bridle  for 
$150;  the  cost  of  the  bridle  was  %  of  the  cost  of  the 
saddle,  and  the  cost  of  the  saddle  was  £  of  the  cost  of 
.the  horse :  what  was  the  cost  of  each  ? 

y  48.  A  man  and  his  two  sons  earned  $140  in  a  month ; 
'the   man  earned  twice  as   much   as  the  elder  son,  and 
the   elder  son   earned  twice   as  much  as  the  younger: 
how  much  did  each  earn? 

49.  Two  men  hired  a  pasture  for  $40,  and  one  put  in 
/3  cows  and    the  other  5   cows:    how  much    ought  each 

to  pay? 

50.  A  and  B  rented  a  pasture  for  $72;  A  puts  in  40 
sneep  and  B  8  cows ;  if  4  sheep  eat  as  much  as  one 
cow,  how  much  ought  each  to  pay? 


272  WHITE'S  NEW  COMPLETE  ARITHMETIC. 

51.  A  and  B  together  own  824  sheep,  and  A  has  If 
times  as  many  as  B :  how  many  has  each  ? 

52.  A.  B,  and  C  rent  a  pasture  for  $42 ;  B  pays  half 
as  much  as  A,  and  C  half  as  much  as  B :  what  does 
each  pay? 

53.  A  and  B  own  a  farm;  A  owns  f  as  much  as  B, 
and  B  owns  40  acres  more  than  A:  how  many  acres 
does  each  own? 

54.  |  of  A's  money  is  f  of  B's,  and  f  of  B's  is  f  of  C's, 
which  is  $81 :  how  much  have  A  and  B  each  ? 

55.  If  a  man  can  reap  f  of  an  acre  of  wheat  in  a  day, 
how  much  can  6  men  reap  in  10  days? 

56.  A  makes  a  shoe  in  |  of  a  day;  B  makes  one 
in  |  of  a  day :  how  many  shoes  can  both  make  in 
2  days? 

57.  A  can  mow  an  acre  of  grass  in  |  of  a  day,  and  B 
in  f  of  a,  day :  how  long  will  it  take  both  together  to 
mow  an  acre? 

58.  Two  men,  A  and  B,  agreed  to  build  a  wall  for 
S300;  A  sent  5  men  for  4  days,  and  B  5  men  for  6 
days:  how  much  ought  each  to  receive? 

59.  A  man  can  do  \  of  a  piece  of  work  in  a  day,  and 
a  boy  can  do  \  of  it  in  a  day :  in  how  many  days  can 
both  of  them,  working  together,  do  it? 

60.  A  and  B  together  can  build  a  wall  in  8  days5 
and  A  can  build  it  alone  in  12  days:  how  long  will  it 
take  B  to  build  it? 

6 1.  A  can  do  a  piece  of  work  in  6  da}^s,  and  B  in  8 
days :  if  they  both  work  together,  how  long  will  it  take 
them  to  do  the  work? 

62.  John  can  saw  a  pile  of  wood  in  6  days,  and,  with 
the  assistance  of  Charles,  he  can  saw  it  in  4  days:  how 
long  will  it  take  Charles  to  saw  it  alone? 

63.  A  and  B  can  do  \  of  a  piece  of  work  in  a  day, 
and  A  can  do  |  of  it  in  a  day :  how  long  will  it  take 
B  alone  to  do  it? 
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64.  A  can  do  a  piece  of  work  in  4  days,  B  in  5 
days,  and  C  in  6  days :  in  what  time  can  they 
together    do    it  ? 

65.  A  and  B  can  do  a  piece  of  work  in  10  days,  and 
A,  B,  and  C  in  8  days :  how  long  will  it  take  C  alone 
to  do  the  work? 

66.  A,  B,  and  C  can  do  a  job  in  20  days;  A  and  B 
can  do  it  in  40  days ;  and  A  and  C  in  30  days :  in  how 
many  days  can  each  do  it  alone? 

67.  Two  men  start  from  two  places  495  miles  apart, 
and  travel  toward  each  other;  one  travels  20  miles  a 
day,  and  the  other  25  miles  a  day :  in  how  many  days 
will  they  meet? 

68.  A  owes  §  of  B's  income,  but,  by  saving  ^  of  B's 
income  annually,  he  can  pay  his  debt  in  5  years,  and 
have  $50  left :  what  is  B's  income  ? 

69.  If  a  man  traveling  14  hours  a  day,  perform  half  a 
journey  in  5  days,  how  long  will  it  take  to  perform  the 
other  half,  if  he  travel  10  hours  a  day? 

70.  If  a  man  can  do  a  piece  of  work  in  9f  days, 
working  8  hours  a  day,  how  long  will  it  take,  if  he 
work  6  hours  a  day? 

71.  A  hare  is  30  rods  before  a  hound,  but  the  hound 
runs  7  rods  while  the  hare  runs  5  :  how  far  must  the 
hound  run  to  catch  the  hare? 

72.  A  hare  starts  50  leaps  before  a  hound,  and  leaps 
4  times  while  the  hound  leaps  3  times;  but  1  of  the 
hound's  leaps  equals  2  of  the  hare's  :  how  many  leaps 
must  the  hound  take  to  catch  the  hare? 

73.  If  a  steamer  sails  9  miles  an  hour  down  stream, 
and  5  miles  an  hour  up  stream,  how  far  can  it  go  down 
stream  and  back  again  in  14  hours. 

74.  A  steamer  sails  a  mile  down  stream  in  5  min- 
utes, and  a  mile  up  stream  in  7  minutes :  how  far 
down  stream  can  it  go  and  return  again  in  one 
hour? 
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75.  A  and  B  did  a  piece  of  work,  and  -f  of  what  A 
did  equaled  f  of  what  B  did :  if  B  received  $18,  how 
much  did  A  receive? 

76.  A  man  spent  f  of  his  money  and  then  earned 
•J-  as  much  as  he  had  spent,  and  then  had  $21  less 
than  he  had  at  first :  how  much  money  did  he  have 
at  first? 

77.  A  father  bequeathed  $17000  to  two  sons,  giving  the 
younger  -fa  as  much  as  the  elder:  what  was  the  share 
of  each? 

78.  A  man  paid  $8100  for  2  farms,  and  f  of  the  cost 
of  the  larger  farm  was  equal  to  -^  of  the  cost  of  the 
smaller :  what  was  the  cost  of  each  ? 

79.  A  pipe  will  fill  a  cistern  in  4  hours,  and  another 
will  empty  it  in  6  hours :  how  long  will  it  take  to  fill 
it  when  both  pipes  run? 

80.  An  estate  was  so  divided  between  two  heirs  that 
|  of  the  share  of  the  elder  was  equal  to  f  of  the  share 
of  the  younger,  and  the  difference  between  their  shares 
was  $200 :  what  was  the  share  of  each  ? 

81.  A  and  B  are  partners  in  business;  A's  capital  is 
equal  to  f  of  B's,  and  their  profits  are  $2100,  which  are 
divided  on  the  basis  of  the  capital  invested :  what  is 
the  share  of  each? 

82.  A  and  B  are  partners;  f  of  A's  capital  is  equal 
to  f  of  B's,  and  their  loss  in  business  is  $2600:  what 
is  each  partner's  share  of  the  loss? 

83.  A,  B,  and  C  are  partners,  and  B  has  invested  f 
as  much  capital  as  A,  and  C  §  as  much  as  B :  if  their 
profits  amount  to  $6300,  what  will  be  each  partner's 
share  ? 

To  Teachers. — For  additional  problems  for  mental  analysis, 
see  the  appendix  (pp.  327 — 370).  The  analytic  solution  of  the 
two  hundred  problems  here  given  will  increase  the  number  of 
pages  of  mental  problems  in  the  New  Complete  Arithmetic  to 
seventy-five.  If  these  numerous  problems  are  properly  taught 
there  will  be  no  necessity  for  the  use  of  a  separate  mental  arithmetic, 


RATIO   AND   PROPORTION. 
RATIO. 

ORAL   EXERCISES. 

Art.  324.  The  ratio  of  6  to  2  is  6-5-2,or3;  the 
ratio  of  2  to  6  is  2  -T-  6,  or  -J ;  the  ratio  of  6  to  9  is 
6-s-9,  or  |- ;  and  the  ratio  between  any  two  numbers  is 
expressed  by  their  quotient,  the  first  number  being  the 
dividend  and  the  second  the  divisor. 

1.  What  is  the  ratio  of  8  to  4?    4  to  8? 

2.  What  is  the  ratio  of  6  to  12?     12  to  6? 

3.  What  is  the  ratio  of  15  to  50?    50  to  15? 

4.  What  is  the  ratio  of  $5  to  $15?     $20  to  $50? 

5.  What  is  the  ratio  of  16  lb.  to  40  lb.? 

6.  What  is  the  ratio  of  ■&  to  fV?    ^  to  ^? 

7.  What  is  the  ratio  of  \  to  £?    \  to  i?    \  to  J? 

8.  What  is  the  ratio  of  f  to  f?    §  to  f  ?    f  to  f ? 

9.  What  is  the  ratio   of  5  to  J?     J  to  4?     J  to  2-J-? 
The  ratio  of  two  numbers  may  be  expressed  by  writing  a  colon 

( : )  between  them ;  as,  6 : 3,  which  is  read  the  ratio  of  6  to  3. 

10.  Read  7:12;  6:9;  5:3;  |:f ;  .3:.7 

1L  Read  3°  :  16°  ;  4  oz. :  10  oz. ;  f  ft. :  1J  ft.;  $3: $21 

WRITTEN     EXERCISES. 

12.  What  is  the  value  of  the  ratio  of  112  to  35? 
process  :  112  :  85  =  112  -s-  35  =  3  J,  Ans. 


What  is  the  value 

of: 

13.  216:81? 

17.tV:|? 

21.  6qt.  :3pk.? 

14.  129:215? 

18.150:16|? 

22. 5  lb.  12  oz.  :171b.  4  oz.? 

15.  14.3:6.5? 

19.  121:301? 

23.  2  ft.  6  in.  :12  ft.  6  in.? 

16.  1.44:3.2? 

20.  341 :5f? 

24.  15  pk. :  12  bu.  2  pk.  ? 
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Which  is  the  greater  ratio: 

25.  3  :  4  or  2  :  3  ?  28.  $3  :  $ 4  or  3  ft. :  4  ft.  ? 

26.  5  :  T  or  9  :  12  ?  29.  5  yd. :  6  yd.  or  5  in. :  6  in.? 

27.  J:f  or|:J?  30.  |  lb.  :  f  lb.  or  f  yr.  :  §  yr.  ? 

Art.  325.  The  relation  between  the  ratios  in  25  to 
30  may  be  expressed  by  the  sign  >  (greater)  or  < 
(less)  or  =  (equals).     Thus  (25),  f  >§. 

31.  Multiply  the  ratio  10  :  21  by  the  ratio  14  :  15. 


:    I'0 
lit 


21  =  if     14:15  =  if. 


PROCESS . 

32.  Multiply  9  :  10  by  24  :  23  ;  7  :  15  by  25  :  14. 

33.  What  is  the  product  of  §  :  J,  \  :  J,  and  §  :  f  ? 

34.  Reduce  the  product  of  20  :  80,  4  :  3,  and  6  :  8  to 
a  simple  ratio  in  its  lowest  terms. 

1st  process.  2d  process. 

20 :  80  % 

4:3  2Q  y  4  x  «_20X^X0_t 

6:8  ^^^"Wxpxr1 
20x4x6:80x3x8  ^  4 

480 :  1920 

1 :  4,  ^l?is.  \  =  1 :  4,  J.?is. 

The  product  of  the  three  ratios  by  the  first  process  is  480  :  1920, 
which  is  reduced  to  its  lowest  terms  (1 : 4)  by  dividing  both 
terms  by  480. 

35.  Reduce  the  product  of  6:8,  10  :  12,  and  16 :  15 
to  a  simple  ratio  in  its  lowest  terms. 

DEFINITIONS,   PRINCIPLES.   AND   RULE. 

Art.  326.  Ratio  is  the  relation  between  two  like 
numbers  expressed  by  their  quotient. 

Art.  327.  The  two  numbers  thus  compared  are  the 
Terms  of  the  ratio,  the  first  term  being  the  Ante- 
cedent,  and  the  second  term  the  Consequent.  The 
two  terms  form  a  Couplet. 
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When  the  antecedent  is  greater  than  the  consequent,  the  value 
of  the  ratio  is  greater  than  1 ;  when  the  antecedent  is  less  than 
the  consequent,  the  value  is  less  than  1. 

Art.  328.  The  ratio  between  two  numbers  may  be 
expressed  by  writing  a  colon  between  them  ;  as,  5  :  12; 
or  in  the  form  of  a  fraction,  the  antecedent  being  the 
numerator  and  the  consequent  the  denominator ;  as,  -f%. 

Art.  329.  The  colon,  called  the  sign  of  ratio,  is  the 
sign  of  division  (-?-)  with  the  horizontal  line  omitted. 

Art.  330.     Ratios  are  either  Simple  or  Compound. 

A  Simple  Ratio  is  the  ratio  of  two  numbers ;  as, 
5  :  8,  or  f  :  |, 

A  Compound  Ratio  is  the  product  of  two  or  more 
simple  ratios. 

A  compound  ratio  may  be  expressed  in  three  ways,  as  follows : 
(5:6)x(7:10);  or,  |  x  &5  or,  ]  *  j  J0 

Art.  331.  The  ratio  resulting  from  the  inversion  of 
the  terms  of  a  given  ratio  is  called  an  Inverse  Ratio, 
also  a  Reciprocal  Ratio.  Thus,  5  :  7  is  the  inverse  or 
reciprocal  of  7:5. 

Art.  332.  Principles.  —  1.  The  two  terms  of  a  ratio 
must  be  like  numbers. 

2.  If  the  product  of  the  two  terms  of  a  ratio  be  divided 
by  either  term,  the  quotient  will  be  the  other  term. 

3.  The  value  of  a  ratio  is  not  changed  by  multiplying 
or  dividing  both  of  its  terms  by  the  same  number. 

4.  The  product  of  two  or  more  ratios  equals  the  ratio 
of  the  product  of  their  antecedents  to  the  product  of  their 
consequents.     Thus,  (4  :  6)  x  (5  :  8)  =  4  x  5:6x8. 

Art.  333.  A  compound  ratio  is  reduced  to  a  simple 
ratio  by  multiplying  the  antecedents  together  for  an  ante- 
cedent^ and  the  consequents  for  a  consequent. 
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SIMPLE  PROPORTION. 

ORAL     EXERCISES. 

1.  What   two   numbers  have   a   ratio  to   each   other 
equal  to  the  ratio  of  15  to  5?     24  to  12?     7:21? 

2.  What   two   numbers  have   a   ratio  to   each  other 
equal  to  45:15?     12:60?     72:24?     11  to  44? 

3.  To  what  number  has  10  a  ratio  equal  to  the  ratio 
of  3  to  6?     8  to  4?    3  to  9?    2  to  3? 

4.  To  what  number  has    12  a   ratio    equal  to  6:30? 

5.  12  is  to  60  as  5  is  to  what  number? 

6.  13  is  to  39  as  15  is  to  what  number? 

7.  14  :  42  =  25  :  what  number  ? 

Art.  334.  The  equality  of  two  ratios  is  expressed 
by  placing  a  double  colon  ( : :)  between  them.  Thus, 
5  :  10  =  7  :  14  is  written  5  :  10  : :  7  :  14,  and  is  read  5  is 
to  10  as  7  is  to  14. 

8.  Read  8  :  40  : :  12  :  60,  and  show  that  the  two  ratios 
are  equal. 

9.  Read  27 : 9  : :  63  :  21,  and  show  that  the  two  ratios 
are  equal. 

10.  Read  5  :  2  J-  : :  25  :  12£,  and  show  that  the  two 
ratios  are  equal. 

WRITTEN     EXERCISES. 

Find  the   missing   term  in   the    following: 


11.  21:7  ::  36:  — 

19.  f  :f  ::  f  :  — 

12.  15:40::  18  :  — 

20.f:f::-:S 

13.  —  :24  ::  8:32 

Ol     .  Ol    .  .    1   .  3 

14.  —  :9  ::  60:18 

22  i  •  -  ■  •  4-  •  A 

3  '            "  *    5  *  6 

15.  45:30::  —  :  24 

23.  85  :  $45  : :  6  lb. :  — 

16.  2.5:62.5  ::  —  :  3.25 

24.  $.75  :  S3  : :  —  :  56  oz. 

17.  7.2:— ::  4.7:9.4 

25.  6  men :  96  men  : :  15  da. 

18.  .25:— ::  2.5:7.5 

26.  8  horses :  14  horses  : :  f 

SIMPLE  PROPORTION.  279 

DEFINITIONS,    PRINCIPLES,   AND  RULES. 

Art.  335.     A  Proportion  is  an  equality  of  ratios. 

The  first  ratio  of  a  proportion  is  called  the  First  Couplet,  and 
the  second  ratio  the  Second  Couplet.  The  two  terms  of  each 
couplet  are  like  numbers.     (Art.  332,  Pr.  1.) 

Art.  336.  The  first  and  third  terms  of  a  proportion 
are  the  Antecedents,  and  the  second  and  fourth  terms, 
the  Consequents;  the  first  and  fourth  terms  are  the 
Extremes,  and  the  second  and  third  terms,  the  Means. 

The  antecedents  of  a  proportion  are  the  antecedents  of  its 
ratios,  and  the  consequents  are  the  consequents  of  its  ratios. 

The  four  terms  of  a  proportion  are  Proportionals,  and  the  last 
is  the  fourth  proportional  to  the  other  three  in  their  order. 

Three  numbers  are  in  proportion  when  the  ratio  of  the  first 
to  the  second  equals  the  ratio  of  the  second  to  the  third ;  as, 
8  :  12  : :  12  :  18.     The  second  number  is  called  a  mean  proportional. 

Art.  337.     Proportions  are  either  Simple  or  Compound. 

A  Simple  Proportion  is  an  equality  of  two  simple 
ratios. 

A  Compound  Proportion  is  an  equality  of  two  ratios, 
one  or  both  of  which  are  compound. 

Art.  338.  Principles. — The  proportion  4  :  8  :  :  6  :  12 
may  be  written  -f  =  -f^,  and  multiplying  the  two  equal 
fractions  by  8  and  12,  their  denominators,  gives  4  X  12 
=  6X8.     Hence, 

1.  The  product  of  the  extremes  of  a  proportion  equals  the 
product  of  the  means.     Hence, 

2.  If  the  product  of  the  extremes  of  a  proportion  be  di- 
vided by  either  mean,  the  quotient  will  be  the  other  mean. 

3.  If  the  product  of  the  two  means  of  a,  proportion  be 
divided  by  either  extreme,  the  quotient  will  be  the  other  extreme. 

4.  If  three  of  the  four  terms  of  a  proportion  are  given, 
the  fourth  term  may  be  found. 
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Art.  339.  1.  To  find  either  extreme  of  a  simple 
proportion : 

Rule. — Divide  the  product  of  the  two  means  by  the  other 
extreme. 

2.  To  find  either  mean  of  a  simple  proportion : 
Rule. — Divide  the  product  of  the  two  extremes  by  the  other 
mean. 

Art.  340.  The  solution  of  a  problem  by  proportion 
involves : 

1.  The  arranging  of  the  three  given  terms,  called  the 
Statement. 

2.  The  finding  of  the  fourth  term. 

Art.  341.  Since  the  two  terms  of  each  couplet  or 
ratio  of  a  proportion  must  be  like  numbers  and  the 
two  ratios  equal,  a  problem  involving  a  proportion 
may  be  solved  by  the  following  rule: 

Rule. — 1.  Take  for  the  third  term  the  number  which  -is 
of  the  same  hind  as  the  answer  sought,  and  make  the  other 
two  numbers  the  first  couplet,  placing  the  greater  for  the 
second  term,  when  the  answer  is  to  be  greater  than  the 
third  term;  and  the  less  for  the  second  term,  when  the  an- 
swer is  to  be  less  than  the  third  term. 

2.  Divide   the  product  of  the  second  and  third  terms   by 

the  first  term,  and  the  quotient  will  be  the  fourth  term. 

Notes. — 1.  When  the  terms  of  the  first  couplet  are  denominate 
numbers,  they  must  be  reduced  to  the  same  denomination  before 
forming  the  proportion. 

2.  The  process  of  finding  the  fourth  term  may  be  shortened 
by  cancellation.  The  proportion  15  :  45  : :  27.5  :  —  may  be  com- 
pleted thus: 

3^X27-5  =  g2>5  o*:X|^5 

^  27.5  X  3  =  82.5 

3.  The  process  of  solving  problems  by  simple  proportion  is 
Sometimes  called  "  The  Rule  of  Three." 
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WRITTEN    PROBLEMS. 

27.  If  15  yards  of  cloth  cost  $24,  what  will  40  yards 
cost? 

statement.  Since   the   cost  of  40  yards 

15  yd.  :  40  yd.  :  :  824  :  Ans.       ls  to  be  ttie  answer>  make  $24, 
jq  the  cost  of  15  yards,  the  third 

term  of  a  proportion. 

15)v%0  ,  Since  40  yards  will  cost  more 

*64,   Ans.        than  15  yards,  the  fourth  term 
is  to  be  greater  than  the  third, 
and  hence  the  second  term  must  be  greater  than  the  first ;  make 
40  yards  the  second  term  and  15  yards  the  first,  giving  the  pro- 
portion 15  yd.  :  40  yd.  : :  $24 :  cost  of  40  yards. 

Multiply  S24  by  40  and  divide  the  result  (product  of  the 
means)  by  15  ;  the  quotient  ($64)  is  the  fourth  term  sought. 

v  28.  If  45   sheep  cost  S265.  what  will  140  sheep  cost? 

29.  If  70  acres  of  land  cost  $1875,  what  will  320  acres 
cost  ?     640  acres  ? 

30.  If  120  acres  of  land  cost  $3000,  how  many  acres 
can  be  bought  for  S4500? 

31.  If  4  lb.  6  oz.  of  butter  cost  $1.75.  what  will  15 
pounds  cost?     17^  pounds? 

32.  If  a  man's  pulse  beat  75  times  in  a  minute,  how 
many  times  will  it  beat  in  8  hours? 

33.  If  a  clock  tick  120  times  in  a  minute,  how  many 
times  will  it  tick  in  9 J  hours? 

34.  If  a  comet  move  4°  20'  in  15  hours,  how  far  will 
it  move  in  5  days?     In  7J  days? 

35.  If  24  barrels  of  flour  w7ill  supply  160  men  6  weeks, 
how  many  barrels  will  supply  360  men  the  same  time? 
^  36.  If  a  vertical  staff  3  feet  high  cast  a  shadow  5 
feet  long,  how  long  a  shadow  will  a  pole  120  feet  high 
cast  at  the  same  time? 

37.  If  a  pole  20  feet  high  casts  a  shadow  12  feet 
:ong,  how  high  is  the  tree  whose  shadow,  at  the  same 
time,  is  90  feet  long? 
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38.  If  |  of  a  farm  is  worth  $4500,  what  is  f  of  it 
worth?     |  of  it? 

39.  If  J  of  a  yard  of  silk  cost  $2.10,  what  will  16J 
yards  cost?     33 J-  yards? 

40.  If  6^  tons  of  hay  cost  $58.75,  how  many  tons  can 
be  bought  for  $173.90? 

41.  If  a  garrison  of  160  men  consume  24  barrels  of 
flour  in  6  weeks,  how  many  barrels  will  supply  it  21 
weeks?    52  weeks? 

42.  If  12  men  can  mow  20  acres  of  grass  in  a  day, 
how  many  acres  can  25  men  mow? 

Art.  342.  A  proportion  may  be  regarded  as  a  com- 
parison of  two  causes  and  their  corresponding  effects,  as 
follows:    1st  cause :2d  cause  ::  1st  effected  effect. 

The  principles  involved  may  be  thus  stated : 

1.  The  ratio  of  two  like  causes  equals  the  ratio  of  their 
effects;  and,  conversely,  the  ratio  of  two  like  effects  equals  the 
ratio  of  their  causes. 

2.  The  ratio  of  two  like  causes  equals  the  inverse  ratio 

of  their   times;  and,   conversely,   the   ratio    of  the   times   of 

two  like  causes  equals  the  inverse  ratio  of  the  causes. 

Note. — The  second  principle  may  be  thus  stated :  The  greater 
the  cause,  the  less  the  time  required  to  produce  a  given  effect;  and,  con- 
versely, the  greater  the  time,  the  less  the  cause   required. 

43.  If  9  men  can  build  a  wall  in  15  days,  how  long 
will  it  take  5  men  to  build  it? 

statement.  The    15    days  is   the   third 

5men:9men::15days:Ans.     'erm'  fce  the  answer  is  to 
q      J  be  m  days. 

— —  If  it  take  9  men  15  days  to 

5)135  build   a   wall,   it  will   take    5 

27  days,  Ans.     men   (less    cause)  more    than 
15   days ;    and  hence  the   an- 
swer, or  fourth  term,  is  greater  than  the  third  term,  and  conse- 
quently the   second  term  must  be   greater  than  the  first  term. 
The  proportion  is  5  men  :  9  men  : :  15  days :  — . 
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44.  If  12  men  can  dig  a  ditch  in  6  days,  how  long 
will  it  take  5  men  to  dig  it  ? 

45.  If  15  men  can  harvest  a  field  of  wheat  in  12 
days,  how  many  men  can  harvest  it  in  5  days  ? 

PROPORTIONAL,   PARTS. 

46.  Divide  90  into  two  parts  whose  ratio  is  equal  to 

the  ratio  of  4  and  5. 

f  (4  -f-  5) :  90  : :  4  :  smaller  part. 
proportions:-)    ;  * 

I  (4  +  5) :  90  : :  5  :  greater  part. 

Note. — The  proportional  parts  of  a  number  may  be  found  by 
fractions.  Thus  in  problem  46  the  smaller  part  is  |  of  90  and  the 
larger  part  f  of  90. 

47.  Divide  640  into  two  parts  proportional  to  8  and 
12.     To  9  and  11.     7  and  9.     7  and  25. 

48.  An  estate  worth  89600  was  divided  between  two 
heirs  in  proportion  to  their  ages,  which  were  15  years 
and  17  years  respectively  :  how  much  did  each  receive? 

49.  Two  men  are  150  miles  apart,  and  approach  each 
other,  one  traveling  2  miles  while  tne  other  travels  3 : 
how  far  will  each  travel  before  they  meet  ? 

50.  Two  men  dug  a  ditch  for  $ 60  and  their  wages 
were  in  the  ratio  of  2  and  3.    How  much  did  each  receive  ? 

51.  Divide  540  into  three  parts  which  shall  be  to  one 
another  as  2,  3,  and  4. 

52.  Divide  $360  into  three  parts  which  shall  be  to 
one  another  as  J,  f,  and  t3q-. 

53.  A  flagstaff  160  feet  high  is  made  up  of  three 
pieces  which  are  to  one  another  as  2,  3,  and  5.  What 
is  the  length  of  each  piece  ? 

\54.  A  bell  weighing  792  pounds  is  an  alloy  of  copper, 
nickel,  and  silver,  which  are  to  one  another  as  5,  2,  and 
£.     How  many  pounds  of  each  metal  in  the  bell  ? 

55.  Divide  an  estate  of  17560  between  two  heirs  ip 
the  ratio  of  J  and  -|. 
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COMPOUND    PROPORTION. 

[To  be  omitted  except  by  advanced  pupils.] 

1.    What  is  the  fourth  terra  of  the  compound  propoiv 
fcion  (5  :  8)  x  (10  :  9)  x  (12  :  25)  ::  13  :  —  ? 


1st  process. 


%  Vli  :  9  3  : 
£  ;2  :  25  0 


13:  — 


2d  process. 

*      3       0 

g  x  9  x  2p  x  13  _ 

0  x  ;p  x  ;2 

3  x  13  ==  39,  ^4ns. 


1:3::13:  — 

3  X  13  =  39,  Ans. 

An  inspection  of  the  second  process  shows  that  the  four  num- 
bers above  the  horizontal  line  are  the  factors  of  the  product  of  the 
means,  and  that  the  three  numbers  below  the  line  are  the  factors 
of  the  first  extreme.  By  canceling  the  factors  common  to  dividend 
and  divisor,  the  fourth  term  is  found  directly. 


Find  the  fourth  term  of  these  compound  proportions : 


3. 


6. 


20 
36 
10 

16 

21 

9 

12 


48 

15 

4 

35 

8 

6 

45 


25:  — 


16:  — 


4. 


5. 


5 

2.5 

4 

25: 

4: 

15: 


:9 

;7.5 
:10 
7 
10 

H 

12 


6:  — 


35:  — 


If  2  men  can  mow  16  acres  of  grass  in  10  days, 
working  8  hours  a  day,  how  many  men  can  mow  27 
acres  in  9  da}^s,  working  10  hours  a  day  ? 

STATEMENT.  3  PROCESS. 

16a.    :27a.    1  fflx^0xgx2_ 

9  da. :  10  da.  i : :  2  men  :  —  ^  x  C)  x  ^p      ~  6' 

10  h'    *    8  h'    \  %  Ans.  3  men. 

Since  the  answer  required  is  to  be  a  number  of  men,  make  2 
men  the  third  term. 

If  the  mowing  of  16  acres  requires  2  men,  the  mowing  of  27 


COMPOUND  PROPORTION.  285 

acres  will  require  more  than  2  men,  and  hence  the  first  ratio  is  16 
acres  :  27  acres,  the  greater  number  being  the  second  term. 

If  10  days  require  2  men,  9  days  will  require  more  than  2  men, 
and  hence  the  second  ratio  is  9  days  :  10  days,  the  greater  number 
being  the  second  term. 

If  working  8  hours  a  day  require  2  men,  working  10  hours  a 
day  will  require  less  than  2  men,  and  hence  the  third  ratio  is  10 
hours  :  8  hours,  the  less  number  being  the  second  term. 

This  statement  gives  3  men  for  the  fourth  term. 

Xote. — In  determining  which  number  of  each  ratio  of  the  com 
pound  ratio  is  to  be  the  second  term,  reason  from  the  number  in 
the  condition.     See  Art.  343,  note  2. 

7.  If  12  men  can  build  50  rods  of  wall  in  15  days, 
how  many  men  can  build  80  rods  in  16  days? 

8.  If  it  costs  $30  to  make  a  walk  10  feet  wide  and 
90  feet  long,  how  much  will  it  cost  to  make  a  walk  8 
feet  wide  and  225  feet  long  ? 

9.  If  6  men  can  excavate  576  cubic  feet  of  earth  in 
8  days  of  9  hours  each,  how  much  can  8  men  excavate 
in  9  days  of  10  hours  each  ? 

10.  If  7  horses  eat  35  bushels  of  oats  in  25  days- 
how  many  bushels  will  15  horses  eat  in  21  days  ? 

11.  If  a  man  walks  120  miles  in  6  days  of  10  hours 
each,  how  many  miles  will  he  walk  in  16  days  of  8 
hours  each  ? 

12.  If  1500  bricks,  each  8  in.  long  and  4  in.  wide, 
will  make  a  walk,  how  many  slabs  of  stone,  each  2  ft. 
long  and  1  ft.  4  in.  wide,  will  be  required  for  the  same 
purpose  ? 

13.  If  it  costs  $84  to  shingle  a  roof  36  ft.  long  and  21 
ft.  wide,  how  much  will  it  cost  to  shingle  a  roof  33  ft. 
long  and  27  ft.  wide  ? 

14.  If  4  men  dig  a  trench  in  15  days  of  10  hours 
each,  in  how  many  days  of  8  hours  each  can  5  men 
perform  the  same  work? 
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Art.  343.  To  bolve  a  problem  by  compound  pro- 
portion : 

Rule. — 1.  Take  for  the  third  term  the  number  which  is 
of  the  same  kind  as  the  answer  sought,  and  arrange  the 
first  and  second  terms  of  each  ratio  composing  the  compound 
ratio  as  in  simple  proportion. 

2.  Divide  the  product  of  all  the  factors  of  the  second 
and  third  terms  of  the  compound  proportion  by  the  prod- 
uct of  the  factors  of  the  first  term,  shortening  the  process 
by  cancellation. 

Notes. — 1.  All  compound  proportions  used  in  the  solution  of 
problems  have  each  one  compound  and  one  simple  ratio. 

2.  The  terms  of  each  ratio  composing  the  compound  ratio  are 
arranged  precisely  as  they  would  be  if  the  answer  depended 
wholly  on  them  and  the  third  term.  They  may  be  arranged  on 
the  principle  of  "  cause  and  effect." 

3.  The  fourth  term  may  be  found  by  first  reducing  the  compound 
ratio  to  a  simple  ratio  (Art.  333),  and  then  dividing  the  product  of 
the  second  and  third  terms  of  the  resulting  simple  proportion  by  the 
first  term. 

4.  The  process  of  solving  problems  by  compound  proportion 
is  also  called  uThe  Double  Bale  of  Three." 


PARTNERSHIP. 

Art.  344.  A  Partnership  is  an  association  of  two  or 
more  persons  for  the  transaction  of  business. 

A  partnership  association  is  called  a  Company,  Firm,  or  House 
and  the  members  of  it  are  called  Partners. 

Art.  345.  The  property  invested  in  the  business  by 
the  partners  is  called  Capital,  Joint  Stock,  or  Stock  in 
Trade,  according  to  the  nature  of  the  business. 

The  manner  of  conducting  the  business,  including  the  sharing 
of  profits  and  losses,  is  usually  determined  by  a  written  agree- 
ment, called  a  partnership  contract. 

In  the  absence  of  a  special  agreement,  or  contract,  profits  and 
losses  are  shared  by  the  partners  in  proportion  to  the  use  oi 
value  of  the  capital  invested. 
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Art.  346.  When  the  capital  of  the  several  partners 
is  invested  an  equal  time,  the  partnership  is  called 
Simple;  when  their  capital  is  invested  an  unequal  time, 
the  partnership  is  called  Compound. 


WRITTEN      PROBLEMS. 

1.  A,  B,  and  C  entered  into  partnership  in  business 
for  2  years;  A  put  in  83600,  B  S2400,  and  C  $2000, 
and  their  net  profits  were  S3000:  what  was  each  part- 
ner's share? 

I.   PROCESS     BY    PROPORTION. 


$3600,  A's  capital.  $8000  :  $3600 
2400,  B  's  capital.  $8000  :  $2400 
2000,  C's  capital.     $8000  :  $2000 


$3000  :  $1350,  A's  share  of  profits. 
$3000:    $900,  B  's     " 
$3000:   $750,  C's     " 

),  Entire  capital  $3000,  Entire  profits. 

Since  the  capital  of  the  several  partners  was  employed  an 
equal  time,  their  shares  of  the  profits  are  proportional  to  their 
capitals.  Hence,  the  entire  capital  is  to  each  partner's  capital 
as  the  entire  profits  are  to  his  share  of  the  profits. 

II.   PROCESS     BY     FRACTIONAL,    PARTS. 

$3600  ~  SS000  =  £;,  A's  part  of  capital.  Since  A  owned  3%, 

$2400 -f- $8000  =  T3o,  B's    "  "  B    T%,    and    C   \    of 

$2000  -=-  $8000  =  i,     C's    "  "  the    capital,    A    was 

29o  of  $3000  =  $1350,  A's  share  of  profits.  entitled  to   o9o ,  B  TV, 

T3o  of  $3000  =  $900,  B  's    "  "         '  and     C     |    of     the 

i    of  $3000  =  $750,  C's     "  "  profits. 

Note. — It  is  shorter  to  find  what  part  the  profits  are  of  the 
entire  capital  (in  this  problem,  f),  and  then  take  the  same  part 
of  each  partner's  capital  for  his  share  of  the  profits.  The  frac- 
tion may  be  expressed  decimally,  if  this  be  preferred. 

2.  A  and  B  were  partners  in  business;  A  put  in 
$5000  and  B  84000,  and  their  profits  in  three  years 
were  84500:  what  was  each  partner's  share  of  the 
profits  ? 
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3.  A,  B,  and  C  formed  a  partnership  in  business;  A 
put  in  £8000,  B  $4500,  and  C  $3500,  and  their  loss  the 
first  year  was  $3200:  what  was  each  partner's  share? 

4.  The  capital  of  two  partners  is  proportional  to  4 
and  3;  their  profits  are  $7700:  what  is  each  partner's 
share  ? 

5.  A,  B,  and  C  form  a  partnership,  A's  capital  being 
$4000,  B's  $6400,  and  C 's  $5600;  they  make  a  net  gain 
of  $3200,  and  then  sell  out  for  $20000:  what  is  each 
partner's  share  of  the  gain?  Of  the  proceeds  of  the 
sale? 

6.  A  and  B  traded  in  partnership  2  years,  making  an 
annual  profit  of  $5460;  during  the  first  year  A  owned 
•§  of  the  stock,  and  during  the  second  j^ear  B  owned  f 
of  it :  what  is  each  partner's  share  of  the  total  profits  ? 

7.  A  and  B  formed  a  partnership;  A  put  in  83000, 
and,  at  the  close  of  the  first  year,  added  $2000;  B  put 
in  $4000,  and,  at  the  close  of  the  second  year,  took  out 
$2000;  at  the  close  of  the  third  year,  the  profits 
amounted  to  $3450:  what  was  each  partner's  share? 

I.  PROCESS   BY    PRODUCTS. 

$3000  X  1  =    $3000 
$5000  X  2  =  $10000 

$13000,  A's  capital  for  1  year. 
$4000  X  2  =    $8000 
$2000  X  1  =    $2000 

$10000,  B's  capital  for  1  year, 
$13000  4-  $10000  =  $23000,  Entire  capital  for  1  year. 
$23000 :  $13000  ::  $3450:  $1950,  A's  share  of  profits. 
$23000 :  $10000  : :  $3450  :  $1500,  B's  share  of  profits. 

Since  A  had  $3000  invested  for  1  year  and  $5000  for  2  years, 
the  use  of  his  capital  was  equivalent  to  the  use  of  $13000  for  1 
year.  Since  B  had  $4000  invested  for  2  years  and  $2000  for  1 
year,  the  use  of  his  capital  was  equivalent  to  the  use  of  $10000 
for  1  year.  Hence  the  profits,  amounting  to  $3450,  should  be 
shared  by  them  in  proportion  to  $13000  and  $10000.  A's  share  = 
H;  B'&  share  =  if 
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II.   PROCESS    BY    INTEREST. 

Interest  of  $3000  for  1  yr.  at  6f0  =  $180 
Interest  of  $5000  for  2  yr.  at  6fo  =$600 

$780,  Interest  of  A's  capital. 
Interest  of  $4000  for  2  yr.  at  6fe  =  $480 
Interest  of  $2000  for  1  yr.  at  6%  =$120 

$600,  Interest  of  B's  capital. 
$780  +  600  =  $1380,  Interest  of  entire  capital. 
$1380  :  $780  : :  $3450  :  $1950,  A's  share. 
$1380  :  $600  : :  $3450  :  $1500,  B's  share. 

Since  the  use  of  capital  is  represented  by  its  interest  for  the 
time,  the  use  of  A's  capital  is  represented  by  $780,  and  the  use 
of  B's  by  $600.  Hence,  the  profits  ($3450)  should  be  shared  by 
them  in  proportion  to  $780  and  $600.    A's  share  =  Jf ;  B's  =  ££. 

Note. — The  ratio  of  the  interests  will  be  the  same  whatever 
be  the  rate  per  cent. 

8.  A,  B,  and  C  entered  into  business  as  partners, 
each  putting,  in  $5000  as  capital;  at  the  end  of  2 
years,  A  took  out  $1000,  B  $2000,  and  C  $3000,  and, 
at  the  end  of  the  fourth  year,  they  closed  the  business 
with  a  loss  of  $3600 :  what  was  the  loss  of  each  ? 

Art.  347.  Principles. — 1.  Mlien  the  time  is  equal,  the 
partnership  value  of  the  capital  of  the  several  partners  is 
in  proportion  to  its  amount.     Hence, 

2.  In  simple  partnership,  the  gain  or  loss  is  shared  by 
the  partners  in  proportion  to  the  amounts  of  their  capital. 

3.  When  the  time  is  not  equal,  the  partnership  value  of 
the  capital  of  the  several  partners  depends  jointly  on  its 
amount  and  time  of  investment.     Hence, 

4.  In  compound  partnership,  the  gain  or  loss  is  shared 
by  the  several  partners  in  proportion  to  the  products  of  the 
amounts  of  their  capital  by  the  time  of  investment;  or  in 
proportion  to  the  interests  of  their  capital  for  the  time  of 
investment. 

Note. — The   above  principles   are   applicable    only  when  the 
several  partners  devote  equal  time   or  otherwise  render  equal 
service  in  carrying  on  the  business. 
N.  c,  a.— i». 


INVOLUTION   AND    EVOLUTION. 


ORAL      EXERCISES. 

Art.  348.  The  first  power  of  4  is  4;  the  second 
power  of  4  is  4  X  4,  which  is  16 ;  the  third  power  is 
4x4x4,  which  is  64;  the  fourth  power  is  4x4x4x4, 
which  is  256;  etc. 

1.  What  is  the  second  power  of  5?     Of  6?     8?     10? 

2.  What  is  the  third  power  of  3?     Of  5?     6?     f? 

3.  What  is  the  fourth  power  of  2?     Of  3?    J?    f  ? 

Art.  349.  The  power  to  which  a  number  is  to  be 
raised  may  be  denoted  by  a  figure,  called  an  exponent, 
placed  at  the  right  of  the  upper  part  of  the  figure  or 
figures  which  express  the  number. 

Thus,  24 2  denotes  the  2d  power  of  24;  163  denotes  the  3d 
power  of  16,  etc. 

4.  How  much  is  12 2?     63  ?     104  ?     162  ?    203  ? 

5.  How  much  is  (f)2?     (|)3?     (|)4?     (i)5?      (3i)2? 

Art.  350.  One  of  the  two  equal  factors  of  a  number 
is  called  its  second  or  square  root;  one  of  its  three  equal 
factors,  its  third  or  cube  root;  one  of  its  four  equal 
factors,  its  fourth  root,  etc. 

6.  What  is  the  second  root  of  25?     49?     64?     81? 

7.  What  is  the  third  root  of  8?    27?     64?     125? 

8.  What  is  the  fourth  root  of  16?     Of  81?     256? 

9.  What  is  the  third  root  of  ^?     fj?    ?W?     tMt? 

Art.  351.  The  root  of  a  number  may  be  indicated 
by  writing  the  number  under  the  character  called  the 
radiral   sign    ft/     )     and    placing   a    figure,   called    the 
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index,  at  the   left   and   above   it,   to   show  what  root  is 
required. 

Thus,  f  64  denotes  the  third  root  of  64;  |^16  denotes  the 
fourth  root  of  216,  etc.  The  second  root  is  denoted  by  \Z~9  or 
by  j/—  without  the  index. 

10.  How  much  is  f/144?     J/125?     f/8T?     v^ffiF? 

11.  How  much  is  (f)3?     f/||?     (§)*?     f/Jf? 

The  root  of  a  number  may  also  be  indicated  by  a  fractional 
exponent,  the  index  of  the  root  being  the  denominator.  Thus, 
165  denotes  the  square  root  of  16 ;  163,  the  cube  root  of  16 ;  and 
16s  denotes  the  cube  root  of  the  square  of  16. 

12.  How  much  is  8P  ?     125*?    256*?    243^?     (if)*  v 

13.  How  much  is  15 2?    225*?     63  ?    216*?    625*? 

14.  What  integers  between  1  and  100  are  perfect  squares  ? 

15.  What  integers  between  1  and  1000  are  perfect  cubes  ? 

DEFINITIONS. 

Art.  352.  The  Power  of  a  number  is  the  product 
obtained  by  taking  the  number  one  or  more  times  as 
a  factor. 

The  First  Poiver  of  a  number  is  the  number  itself ;  the  Second 
Power,  or  Square,  is  the  product  obtained  by  taking  the  number 
twice  as  a  factor;  the  Third  Power,  or  Cube,  is  the  product  ob- 
tained by  taking  the  number  three  times  as  a  factor,  etc. 

Art.  353.  An  Exponent  is  a  figure  that  denotes  the 
degree  of  the  power  to  which  the  number  is  to  be  raised. 

Art.  354.  The  Root  of  a  number  is  one  of  the  equal 
factors  which  produce  it. 

The  First  Root  is  the  number  itself ;  the  Second  or  Square  Root, 
is  one  of  the  two  equal  factors  which  produce  it;  the  Third  or 
Cube  Root,  is  one  of  the  three  equal  factors,  etc. 
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Art.  355.  The  Index  is  a  figure  placed  above  the 
radical  sign  (-j/     )  to  denote  what  root  is  to  be  taken. 

A  number  which  is  the  product  of  equal  factors  is  a  perfect 
pvwer,  and  has  an  exact  root.  A  number  which  is  not  the  prod- 
uct of  equal  factors  is  an  imperfect  power,  and  its  root  is  called  a 
surd. 

Art.  356.  Involution  is  the  process  of  finding  the 
powers  of  numbers. 

Art.  357.  Evolution  is  the  process  of  finding  the 
roots  of  numbers.  It  is  also  called  the  extraction  of  the 
roots  of  numbers. 

Involution  and  evolution  are  converse  processes.  The  process 
for  finding  the  root  of  a  number  is  derived  from  the  process  by 
which  the  power  is  formed. 


SQUARE   ROOT. 

Art.  358.  The  second  power,  or  square,  of  a  number 
is  the  product  of  the  number  by  itself;  and  the  process 
of  finding  the  square  root  of  this  product,  or  square,  is 
readily  derived  from  the  process  by  which  the  square 
ie  formed. 

ILLUSTRATIVE     EXAMPLES. 

1.  What  is  the  square  of  53  ? 

PROCESS. 

53  =  50  +  3 ;  hence,  532  =  (50  -f  3)2 


50     -|-   3  PARTS  ADDED. 

50+3        502  =  2500 


50  X  3  +  32   2  (50  X  3)  =  300 
502  +  50  X  3         32     =9 


502  -f  2  (50  X  3)  +  32  =  2809 
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An  inspection  of  the  preceding  process  will  show  that  the  square 
of  53  is  equal  to  the  square  of  the  5  tens,  plus  twice  the  product 
of  the  5  tens  by  the  3  units,  plus  the  square  of  the  3  units. 

In  like  manner,  it  may  be  shown  that  the  square  of  any 
number,  composed  of  tens  and  units,  is  equal  to  (1)  the  square 
of  the  tens,  (2)  plus  twice  the  product  of  the  tens  by  the  units,  (3)  plus 
the  square  of  the  units. 

2.  What  is  the  square  of  45? 

402  = 1600 

process:  45 2  = 


2(40X5)-=    400 
52  =     25 


2025,  Ans. 
What  is  the  square  of: 

3.  64?  5.  75?  7.  38?  9.  93?  11.  78? 

4.  56?  6.  82?  8.  83?        10.  39?  12.  85? 


DIVISION   INTO   PERIODS. 

Art.  359  The  smallest  integer  composed  of  one  order 
of  figures  is  1,  and  the  greatest  is  9;  the  smallest  inte- 
ger composed  of  two  orders  is  10,  and  the  greatest  is 
99,  and  so  on. 

Hence,  the  squares  of  the  smallest  and  the  greatest  in- 
tegers composed  of  one,  two,  three,  and  four  orders,  are  as 
follows : 

12  =  1  92=  81 

102=         100  992=         9801 

1002  =      10000  9992  =     998001 

10002  =  1000000  99992  =  99980001 

A  comparison  of  the  above  numbers  with  their  squares 
shows  that  the  square  of  a  number  contains  twice  as 
many  orders  as  the  number,  or  twice  as  many  orders 
less  one.  Hence,  if  a  number  be  separated  into  periods 
of  two  orders  each,  beginning  at  the  right,  there  will  be 
as  many  orders  in  its  square  root  as  there  are  periods  in  the 
number. 
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13.  How  many  orders  in  the  square  root  of  2809? 
Suggestion. — Divide  the  number  into  periods  of  2  orders  each;, 

thus :   2809.    There  are  2  periods,  and  hence  there  are  2  orders 
ir  the  square  root — tens  and  units. 

How  many  orders  in  the  square  root  of: 

14.  36864?  16.  871616?  18.  5475600? 

15.  345744?  17.  5308416?  19.  1444U0000? 


FINDING  THE  TERMS  OF  THE  ROOT. 

Art.  360.     The  squares  of  the  smallest  and  the  great- 
est number  of  units,  tens,  and  hundreds  are  as  foLows: 
V=         1  92=         81 

102  =      100  902  =     8100 

1002  =  10000  9002  =  810000 

A  comparison  of  the  above  numbers  with  their  squares 
shows  that  the  square  of  units  gives  no  order  higher 
than  tens ;  that  the  square  of  tens  gives  no  order  lower 
than  hundreds,  nor  higher  than  thousands;  that  the 
square  of  hundreds  gives  no  order  lower  than  ten-thou- 
sands, nor  higher  than  hundred-thousands,  etc. 

Hence,  if  a  number  be  separated  into  periods  of  two 
orders  each,  the  left-hand  period  tvill  contain  the  square  of 
the  left-hand  or  first  term  of  the  square  root;  the  first  two 
left-hand  periods  will  contain  the  square  of  the  first  two 
terms  of  the  square  root,  etc. 

20.  What  is  the  ten's  term  of  the  square  root  of  2025  ? 
Suggestion.— The  left-hand  period  of  2025  is  20 ;  the  greatest 

square  in  20  is  16,  and  the  square  root  of   16  is  4.     Hence,  the 
tens'  term  of  the  square  root  of  2025  is  4. 

21.  What  is  the  tens'  term  of  ]/4225?     i/l764? 

22.  What  is  the  left-hand  term  of  i/6561?    390625^? 
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EXTRACTION  OF  THE  SQUARE  ROOT. 

23.  What  is  the  square  root  of  3364  ? 

process.  Since  3364  is  composed   of   two  periods, 

*    *.        its   square   root  will   be   composed   of  two 
t5do4|58  orders— tens  and  units.     (Art.  359.) 
52  =  25_  The    left-hand    period    33    contains    the 

5x2  =  10)   864  square  of  the  tens'  term  of  the  root.     The 

108  X  8  =  864  greatest  square  in  33  is  25,  and  the  square 

root  of  25  is  5.  Hence,  5  is  the  tens'  term 
of  the  root. 
Since  the  square  of  a  number  composed  of  tens  and  units  is 
equal  to  (1)  the  square  of  the  tens,  (2)  plus  twice  the  product 
of  the  tens  by  the  units,  (3)  plus  the  square  of  the  units,  the 
difference  between  3364  and  the  square  of  the  5  tens  of  its  root, 
is  composed  of  twice  the  product  of  the  tens  of  the  root  by  tfie  units, 
plus  the  square  of  the  units. 

But  the  product  of  tens  by  units  contains  no  order  lower  than 
tens,  and  hence  the  86  tens  in  864,  the  difference,  contains  twice 
the  product  of  the  tens  by  the  units;  and  hence,  if  the  86  tens  be 
divided  by  twice  the  5  tens  of  the  root,  the  quotient,  which  is 
8,  will  be  the  units'  term  of  the  root,  or  one  more  than  the  units' 
term. 

If  the  8  units  be  annexed  to  the  10  tens,  used  as  a  trial 
divisor,  and  the  result,  108,  be  multiplied  by  8,  the  product,  if 
it  be  not  greater  than  864,  will  be  twice  the  product  of  the  tens 
by  the  units,  plus  the  square  of  the  units.  108  X  8  =  864,  and 
hence  8  is  the  units'  term,  and  the  square  root  of  3364  is  58. 
Proof:  58X58  =  3364. 


What  is  the  square 

root  of: 

24.  625? 

3L  1444? 

38.  6241? 

25.  676? 

32.  3025? 

39.  7569? 

26.  576? 

^.33   7744? 

40.  6724? 

27.  784? 

34.  5184? 

41.  2809? 

28.  841? 

35.  4225? 

42.  5625? 

29.  529? 

36.  4356? 

43.  1369? 

30.  961? 

37.  5929? 

44.  5329? 
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45.  What  is  the  square  root  of  133225?    Of  10.4976? 


PROCESS    (1). 


133225[365 
9 


3  X  2  =  6)  432 
66  X  6  =  396 


36  X  2  =  72)     3625 
725  X  5  =    3625 

What  is  the  square  root  of 


210681 ? 

419904? 

94249? 

492804? 

57600? 

409600? 

52.  68425? 

53.  522729? 

54.  173056? 

55.  390625? 


46 
47. 
48. 
49. 
50. 
51. 


PROCESS  (2). 


10.497613.24 
9 


3X2  =  6)  1.49 
6.2X2=  1.24 


3.2X2  =  6.4)     .2576 
6.44  X. 04=    .2576 


56. 
57. 
58. 
59. 
60. 
61. 
62. 
63. 
64. 
65. 


176.89? 

.000625? 

45.1584? 

.008836? 

75.364? 

263.85? 

134.67? 

586.7? 

106.75? 

566.44? 


66. 
67. 
68. 

625    ? 

T3 "04"  f 
289  9 
3  2  4  * 

272  J? 

69. 
70. 

1040^? 

2? 

71. 

3? 

72. 

5? 

73. 

4.2436? 

74. 

1.1449? 

75. 

4.1209? 

PRINCIPLE    AND    RULE. 


Art.  361.  Principle. —  The  square  of  a  number,  com- 
posed of  tens  and  units,  is  equal  to  the  square  of  the  tens, 
plus  twice  the  product  of  the  tens  by  the  units,  plus  the 
square  of  the  units. 

Art.  362.     To  extract  the  square  root  of  a  number: 

Rule. — 1.  Begin  at  the  units'  order  and  separate  the  numr 
ber  into  periods  of  two  orders  each. 

2.  Find  the  greatest  perfect  square  in  the  left-hand  period., 
and  place  its  square  root  at  the  right  for  the  first  or  highest 
term  of  the  root. 
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3.  Subtract  the  square  of  the  term  of  the  root  found  from 
the  left-hand  period,  and  to  the  difference  annex  the  second 
period  for  a  dividend. 

4.  Take  twice  the  term  of  the  root  found  for  a  trial  divisor, 
and  the  dividend,  exclusive  of  its  right-hand  figure,  for  a  trial 
dividend.  The  quotient  (or  tlxe  quotient  reduced  one)  will  be 
the  next  term  of  the  root. 

5.  Annex  the  second  term  of  the  root  to  the  trial  divisor, 
and  multiply  the  result  by  the  second  term,  and  subtract  the 
product  from  the  dividend.  If  the  product  is  greater  than  the 
dividend,  reduce  the  second  term  of  the  root,  and  multiply  and 
subtract  as  before. 

6.  Annex  the  third  period  to  the  remainder  for  the  next 
dividend,  and  divide  the  same,  exclusive  of  the  right-hand 
figure,  by  twice  the  terms  of  the  root  found;  and  continue  in 
like  manner  until  all  the  periods  are  used. 

Notes. — 1.  The  left-hand  period  may  contain  but  one  order. 

2.  Twice  the  term  or  terms  of  the  root,  as  the  case  may  be, 
is  called  a  trial  divisor,  since  the  next  term  of  the  root  sought 
is  sometimes  less  than  the  quotient,  the  dividend  containing, 
when  this  is  true,  a  part  of  the  square  of  the  next  term  of  the 
root. 

3.  If  the  number  be  not  a  perfect  square,  the  exact  root  can 
not  be  found,  but  it  may  be  approximated  by  annexing  periods 
of  decimal  ciphers.  Since  the  square  of  no  one  of  the  nine  digits 
ends  with  a  cipher,  the  operation  may  be  continued  indefinitely, 
but  sufficient  accuracy  is  secured  when  continued  to  three  deci- 
mal places. 

4.  In  pointing  off  a  decimal,  or  a  mixed  decimal  number,  be- 
gin with  the  order  of  units.  If  there  be  an  odd  number  of 
decimal  places,  annex  a  decimal  cipher. 

5.  When  both  terms  of  a  common  fraction  are  not  perfect 
squares,  the  exact  square  root  can  not  be  found.  An  approxi- 
mate root  may  be  obtained  by  multiplying  both  terms  of  the 
fraction  by  the  denominator,  and  extracting  the  root  of  the  re- 
sulting fraction.     Thus : 


\lo  "V 


21  X  40  29  , 

=  — ,  nearly. 


40 2  40 

6.  The  square  root  of  a  perfect   square   may  be  found  by  re- 
solving it  into  its  prime  factors. 
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GEOMETRICAL  EXPLANATION  OF  SQUARE  ROOT. 

Art.  363.  The  area  of  a  square  surface  is  found  by- 
squaring  the  length  of  one  side;  and,  conversely,  the 
length  of  the  side  is  found  by  extracting  the  square 
root  of  the  number  denoting  the  area. 

Let  the  annexed  diagram  represent  a  square  surface  whose  area 
is  625  ;  required  the  length  of  one  side. 
Since  the  number  denoting  the  area 
contains  two  periods,  there  are  two  terms 
in  the  square  root ;  and  since  the  greatest 
square  in  the  left-hand  period  is  4,  the 
tens'  term  of  the  root  is  2.  (Art.  360.) 
Hence,  the  length  of  the  side  of  the 
square  is  20  plus  the  units'  term  of  the 
root.  What  is  the  units'  term? 
Taking  from  the  given  surface  a  square  whose  side  is  20  and 
whose  area  is  400,  there  remains  a  surface  whose  area  is 
625 — 400,  or  225.  This  surface  consists  of 
two  equal  rectangles,  each  20  in  length, 
and  a  small  square,  the  length  of  whose 
side  equals  the  width  of  each  rectangle. 
What  is  the  width  of  each  rectangle? 

Since  the  two  rectangles  contain  most 

of  the   surface  whose   area  is  225,  their 

width  may  be  found  by  dividing  225  by 

their  joint  length,  which  is  twice  20,  or 

40.     The   quotient  is  5,  and    hence   the 

width  of  each  rectangle  is  5,  and  their  joint  area  is  40X5,  or  200. 

Removing  the  two  rectangles,  there  remains  the  small  square, 

whose  side  is  5   and  whose  area  is  25,  the  difference  between 

225    and    200.      Hence,    5    is    the    units' 

|Hjj         term  of  the  root,  and   the   length  of  the 

side  of  the  square  is  20  +  5,  or  25. 

Adding  the  area  of  the  several  parts, 
we  have  202  +  2  (20  X  5)  +  52  =  400  -4- 
200  +  25  =  625. 

It  is  seen  that  the  square  whose  side 
is  20,  represents  the  square  of  the  tens 
of  the  root;  the   two  rectangles,  twice  the 


CUBE  ROOT.  299 

product  of  the  tens  by  the  units;  and  the  smaller  square,  the  square 
of  the  units. 

Note. — The  entire  length  of  the  surface  whose  area  is  225,  is 
twice  the  side  of  the  square  removed,  plus  the  side  of  the 
smaller  square  (20X2  +  5  =  45),  and  this  multiplied  by  5  gives 
an  area  of  225. 


CUBE  ROOT. 

Art.  364.  The  third  power  or  cube  of  a  number  is 
the  product  obtained  by  taking  the  number  three  times 
as  a  factor;  and  the  process  of  finding  the  third  or 
cube  root  of  this  product  or  cube  may  be  derived  from 
the  process  by  which  the  product  or  cube   is  formed. 

ILLUSTRATIVE     EXAMPLES. 

1.  What  is  the  cube  of  45  ? 

453=(40  +  5)3=403+3xC402x5)+3x(40x52)+5;\ 

403     =  64000 

3  (402  X  5)  =  24000 

proof:  {  3(40X52)=  3000 

53     =125 

453  =     91125,  Ans. 

In  like  manner,  it  may  be  shown  that  the  cube  of  any  num- 
ber, composed  of  tens  and  units,  is  equal  to  (1)  the  cube  of  the 
tens,  (2)  plus  three  times  the  product  of  the  square  of  the  tens  by  the 
units,  (3)  plus  three  times  the  product  of  the  tens  by  the  square  of  the 


14.  63? 

15.  77? 

16.  74? 

17.  82? 

18.  85? 

19.  68? 


What  is  the  cube  of: 

2.  23? 

8.  51? 

3.  32? 

9.  52? 

4.  24? 

10.  55? 

5.  54? 

11.  75? 

6.  43? 

12.  80? 

7,  35? 

13.  64? 
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DIVISION   INTO   PERIODS. 

Art.  365.  The  cubes  of  the  smallest,  greatest,  and 
an  intermediate  number,  composed  of  one,  two,  and 
three  orders,  are  as  follows : 

13  =  l  93  =  729  43  =  64 

103  ==       1000         998  =       970299         44 3  =       85184 

1003  =  1000000       9993  =  997002999       444 3  =  87528384 

A  comparison  of  the  above  numbers  with  their  cubes 
shows  that  the  cube  of  a  number  contains  three  times  as 
many  orders  as  the  number,  or  three  times  as  many  or- 
ders less  two  or  less  one.  Hence,  if  a  number  be  sepa- 
rated into  periods  of  three  orders  each,  there  will  be  as 
many  orders  in  its  cube  root  as  there  are  periods  in  the  number. 

20.  How  many  orders  in  the  cube  root  of  91125? 
Suggestion. — Point    off   the    number    into    periods    of    three 

orders  each ;   thus,  91125.    There   are  two  periods,   and   hence 
two  orders  or  terms  in  the  root. 

How  many  orders  in  the  cube  root  of: 

21.  912673?  23.  84604519?  25.  3048625? 

22.  117649?  21  48228544?  26.  41063625? 


FINDING  THE   TERMS   OF   THE    ROOT. 

Art.  366.     The    cubes    of  the    smallest   and   greatest 
number  of  units,  tens,  and  hundreds   are  as  follows: 
13  =  1  93  =  729 

103  =       1000  903  =       729000 

1003  =  1000000  9003  =  729000000 

A  comparison  of  the  above  numbers  with  their  cubes 
shows  that  the  cube  of  units  gives  no  order  higher 
than  hundreds ;  that   the    cube   of  tens  gives  no   order 
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lower  than  thousands  nor  higher  than  hundred-thou- 
sands; and  that  the  cube  of  hundreds  gives  no  order 
lower  than  millions  nor  higher  than  hundred-millions. 
Hence,  if  a  number  be  separated  into  periods  of  three 
orders  each,  the  left-hand  period  will  contain  the  cube  of  the 
first  term  of  the  cube  root;  the  first  two  left-hand  periods 
will  contain  the  cube  of  the  first  two  terms  of  the  cube 
root,  etc. 

27.  What  is  the  tens'  term  of  the  cube  root  of  91125? 

Suggestion. — The  left-hand  period  is  91 ;  the  greatest  cube  in 
91  is  64,  and  the  cube  root  of  64  is  4.  Hence  4  is  the  tens' 
term  of  the  cube  root  of  91125. 

28.  What  is  the  tens'  term  of  f/157464?  Of  {/ 110592? 

29.  What  is  the  hundreds'  term  of  J/^3312053? 


EXTRACTION   OF   THE   CUBE   BOOT. 
WRITTEN    PROBLEMS. 

30.  What  is  the  cube  root  of  262144? 

1st  peocess.  2d  process. 


262144| 64 
6*    =    216    4 

262144| 64 
63    =    216    4 

62  X  3  =  108)  461  44 

62  x  3  =  108)  46144 

602  X  4  X  3  =  43200 

60  X  42  X  3  =  2880 

43  =   64 

643   =    262144 

46144 

Since  262144  is  composed  of  two  periods,  its  cube  root  wall  be 
composed  of  two  orders. 

The  left-hand  period,  262,  contains  the  cube  of  the  tens'  term 
of  the  root,  and  the  greatest  cube  in  262  is  216,  the  cube  root 
of  which  is  6 ;  hence,  6  is  the  tens'  term  of  the  root.  How  is 
the  units'  term  to  be  found? 
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The  cube  of  a  number,  composed  of  tens  and  units,  is  equal 
to  (1)  the  cube  of  the  tens,  (2)  plus  three  times  the  product  of 
the  square  of  the  tens  by  the  units,  (3)  plus  three  times  the 
product  of  the  tens  by  the  square  of  the  units,  (4)  plus  the 
cube  of  the  units  (Art.  364).  Hence,  the  difference  between 
262144  and  the  cube  of  the  6  tens  of  its  cube  root  is  composed 
of  three  times  the  product  of  the,  square  of  the  tens  of  its  root  by 
the  units,  plus  three  times  the  product  of  the  tens  by  the  square  of 
the  units,  plus  the  cube  of  the  units. 

But  since  the  square  of  tens  gives  no  order  lower  than  hun- 
dreds (Art.  360),  the  461  hundreds  of  the  difference  (46144)  con- 
tains three  times  the  product  of  the  square  of  the  tens  by  the  units. 
Hence,  if  the  461  hundreds  (rejecting  the  two  right-hand  fig- 
ures) be  divided  by  three  times  the  square  of  the  6  tens  of  the 
root,  the  quotient,  which  is  4,  will  be  the  units'  term  of  the  root, 
or  more  than  the  units'  term. 

Note. — Instead  of  forming  the  parts  that  compose  the  differ- 
ence, 46144,  as  in  1st  process,  the  64  may  be  cubed,  and  the 
result  subtracted  from  262144,  as  in  2d  process. 

What   is   the  cube   root  of: 

31.  42875?  33.  117649?  35.  274625? 

32.  91125?  34.  185193?  36.  405224? 

37.  What  is  the  cube  root  of  48228544? 

PROCESS. 

48228544  j  364,  Cube  root. 
33  =27  7,4,   Trial  quotients. 

32  X  3  =  27)212 

368  =  46656 


362  X  3  ==  3888)  15725 

364 3  =  48228544 

Since  the  two  right-hand  figures  of  each  dividend  are  re- 
jected, only  the  first  figure  of  each  period  need  be  brought 
down  and  annexed   to  the  difference. 

The  quotient  obtained  by  dividing  212  by  27  is  7,  which 
is  too  large  for  the  second  term  of  the  root,  the  cube  of  37 
being  more  than  48228,  the  first  two  periods. 


CUBE  ROOT. 

The  second  difference  is  found  by  subtracting  the  cube  of 
36,  the  first  two  terms  of  the  root,  from  48228,  the  first  two 
periods  of  the   number. 

Note.— Instead  of  taking  the  363  from  the  two  left-hand 
periods,  and  364 3  from  the  number,  the  parts  may  be  formed 
as  in  the  1st  process  above.      Use  only  one  process. 

What  is  the  cube  root  of: 


38.  3048625? 

45. 

15.625? 

52. 

216    ? 

TT2  8"  [ 

39.  34328125? 

46. 

97.336? 

53. 

1  3  3  1    ? 

42875  l 

40.  43614208? 

47. 

.074256? 

54. 

2744  ? 
6  8  59' 

41.  27270901? 

48. 

.015625  ? 

55. 

5+M? 

42.  1225043? 

49. 

1953.125? 

56. 

37^V? 

43.  421875? 

50. 

13312.053? 

57. 

2? 

44.  14348907? 

51. 

28.094464? 

58. 

3? 

59.  A  cubical  box  contains  19683  cubic  inches :  what 
is  the  length  of  its  edge? 

60.  A  cubical  bin  holds  100  bushels:  what  is  the 
length  of  its  edge? 

61.  A  block  of  granite  in  the  form  of  a  cube  con- 
tains 41063.625  cubic  inches :  what  is  the  length  of  its 
edge? 

PRINCIPLE    AND    RULE. 

Art.  367.  Principle. —  The  cube  of  a  number,  composed 
of  tens  and  units,  is  equal  to  the  cube  of  the  tens,  plus  three 
times  the  product  of  the  square  of  the  tens  by  the  units,  plus 
three  times  the  product  of  the  tens  by  the  square  of  the 
units,  plus  the  cube  of  the  units. 

Art.  368.     To  extract  the  cube  root  of  a  number: 

Rule. — 1.  Begin  at  the  units'  order  and  separate  the 
number  into  periods  of  three  orders  each. 

2.  Find  the  greatest  cube  in  the  left-hand  period,  and  place 
its  cube  root  at  the  right  for  the  first  term  of  the  root. 

3.  Subtract   the   cube  of  the  first  term  of  the  root  from  the 
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left-hand  period,  and   to  the  difference  annex  the  first  figure 
of  the  next  period  for  a  dividend. 

4.  Take  three  times  the  square  of  the  first  term  of  the  root 
for  a  trial  divisor,  and  the  quotient  for  the  second  term  of 
the  root.  Cube  the  root  now  found,  and,  if  the  result  is  not 
greater  than  the  two  left-hand  periods,  subtract,  and  to  the 
difference  annex  the  first  figure  of  the  next  period  for  a  second 
dividend.  If  the  cube  of  the  root  found  is  greater  than  the 
two  left-hand  periods,  diminish  the   second  term   of  the  root. 

5.  Take  three  times  the  square  of  the  two  terms  of  the  root 
found  for  a  second  trial  divisor,  and  the  quotient  for  the 
third  term  of  the  root.  Cube  the  three  terms  of  the  root 
found,  and  subtract  the  result  from  the  three  left-hand  periods, 
and  continue  the  operation  in  like  manner  until  all  the  terms 
of  the  root  are  found. 

Notes. — 1.  The  quotient  obtained  by  dividing  the  dividend  by 
the  trial  divisor  may  be  too  large,  since  three  times  the  square  of 
the  next  figure  of  the  root  may  be  a  part  of  the  dividend. 
Usually  the  term  of  the  root  sought  is  the  quotient,  or  one  less 
than  the  quotient. 

2.  When  a  dividend  does  not  contain  the  trial  divisor,  write 
a  cipher  for  the  next  term  of  the  root.  Take  three  times  the 
square  of  the  root  thus  formed  for  a  trial  divisor,  and  to  the 
dividend  annex  the  two  remaining  figures  of  the  period,  and 
the  first  figure  of  the  next  period   for  a  new  dividend. 

3.  If  the  number  is  not  a  perfect  cube,  the  root  may  be  ap- 
proximated by  annexing  periods  of  decimal  ciphers,  thus  adding 
decimal  terms  to  the  root.  Sufficient  accuracy  is  usually  secured 
by  continuing  the  root  to  two  or  three  decimal  places. 

*4.  When  both  terms  of  a  common  fraction  are  not  perfect 
cubes,  the  cube  root  may  be  found  approximately  by  multiplying 
both  terms  of  the  fraction  by  the  square  of  the  denominator/and 
extracting  the  root  of  the  resulting  fraction.  The  error  will  be 
less  than  one  divided  by  the  denominator  of  the  root. 

5.  The  above  method  of  extracting  the  cube  root  of  numbers 
involves  the  general  principle  by  which  any  root  may  be  ex- 
tracted. The  fourth  root,  for  example,  is  found  by  dividing  the 
number  into  periods  of  four  figures  each,  then  taking  the  fourth 
root  of  the  left-hand  period  for  the  first  term  of  the  root,  four 
times  the  cube  of  this  first  term  for  a  trial  divisor,  and  the 
remainder  with  the  first  term  of  the  next  period  annexed,  for 
a  dividend,  etc. 

6.  The  cube  root  of  a  perfect  cube  may  be  found  by  re- 
solving it  into   its  prime  factors. 
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Art.  369.  The  solid  contents  of  a  cube  are  found 
by  cubing  the  length  of  its 
edge;  and,  conversely,  the 
length  of  the  edge  is  found 
by  extracting  the  cube  root 
of  the  number  denoting  the 
solid  contents. 

Let  the  annexed  cut  rep- 
resent a  cube  whose  solid 
contents  are  15625 ;  required 
the  length  of  the  edge. 

Since  the  number  denoting  the  solid  contents  contains  two 
periods,  there  will  be  two  terras 
in  the  cube  root ;  and  since  the 
greatest  cube  in  the  left-hand 
period  is  8,  the  tens'  term  of 
the  root  is  2.  Hence,  the  length 
of  the  edge  of  the  cube  is  20 
plus  the  units'  term  of  the  root. 
What  is  the  units'  term? 

Taking  from  the  given  cube 
a  cube  wThose  edge   is   20  and 


PROCESS. 

15625 [25 

23  =   8 6 

202  X  3  =  1200)  7625 

202  X  5  X  3  =  6000 
20  X52  X3=   1500 

53  =     125 
7625 


whose  volume  is  8000,  there  remains  a  solid  whose  volume  is 
15625 — 8000,   which    is   7625.      An   inspection   of    the   annexed 


cut  shows  thai?  this  solid  contains  three  equal  rectangular  solids, 
whose   inner   face    (202)   is   equal   to  the   face    of  the   removed 

N.  C,  A.— 2'-- 
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cube,  and  whose  thickness   equals  the  units'  term  of  the  root. 
What  is  the  thickness  of  each  of  these  rectangular  solids? 

Since  they  compose  only  a  part  of  the  solid  whose  solid 
contents  are  7625,  their  thickness  can  not  be  greater  than  the 
quotient  obtained  by  dividing  7625  by  the  area  of  their  joint 
inner  faces,  which  is  202  X  3,  or  1200.  The  quotient  is  6,  which 
is  at  least  one  greater  than  the  thickness  of  each  of  the  three 
rectangular  solids,  since  263  is  greater  than  15625,  the  solid  con- 
tents of  the  given  cube.  Try  5  for  the  thickness ;  253  =  15625, 
and  hence  5  is  the  required  thickness.  The  length  of  the  edge 
of  the  given  cube  is  20+5,  or  25. 

The  correctness  of  this  result  may  also  be  shown  by  finding 
the  solid  contents  of  the  several  parts  of  the  given  cube.  The 
solid  contents  of  the  cube  removed  are,  as  shown  above,  20 3  = 

8000.  The  joint  solid  contents  of 
the  three  adjacent  rectangular  sol- 
ids are  202  X5  X  3  =  6000. 

Removing  these  three  rectan- 
gular solids,  there  remain  three 
other  rectangular  solids,  whose 
solid  contents  are  20  X  52,  or  500 
each,  and  whose  combined  solid 
contents  are  500X3,  or  1500. 

Removing  these  three  rectan- 
gular solids,  there  remains  the  small  cube,  whose  solid  contents 
are  53  =  125. 

Adding  the  solid  contents  of  the  several  parts,  we  have  8000 

+  6000  + 1500  -f  125  =  15625,  which 
represents  the  solid  contents  of 
the  given  cube. 

It  is  seen  that  the  cube  whose 
edge  is  20,  represents  the  cube  of 
the  tens  of  the  root;  the  three  adja- 
cent rectangular  solids  represent 
three  times  the  product  of  the  square 
of  tens  by  the  units;  the  three 
smaller  rectangular  solids,  three 
times  the  product  of  the  tens  by  the  square  of  the  units;  and  the 
smaller  cube,  the  cube  of  the  units. 

Note. — The  geometrical  explanations  of  square  root  and  cube 
root,  above  presented,  are  the  reverse  of  those  usually  given. 
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APPLICATIONS   OF   POWERS   AND   ROOTS. 

Note. — The  propositions  stated  below  in  the  form  of  principles, 
may  be  proven  by  geometry.  The  rules  are  readily  derived  from 
the  principles. 

I.  The  Right-angled  Triangle. 

Art.  370.  The  side  of  a  right-angled  triangle  oppo- 
site the  right  angle  is  the  hypotenuse,  and  the  other  two 
sides  are  the  base  and  the  perpendicular.     (Art.  189.) 

Art.  371.     Principles. — 1.  The  square  of  the  hypotenuse 
of  a  right-angled  triangle  is  equal  to 
the   sum   of  the   squares  of  the   other 
two  sides. 

This  principle  is  illustrated  by  the 
annexed  diagram. 

2.  The  square  of  the  base  or  the  per- 
pendicular of  a  right-angled  triangle 
is  equal  to  the  square  of  the  hypot- 
enuse, less  the  square  of  the  other  side. 

WRITTEN     PROBL  EMS. 

1.  The  base  of  a  right-angled  triangle  is  8  in.,  and 
the  perpendiculai  6  in. :  what  is  the  length  of  the 
hypotenuse  ? 

Solution.— V82  +  62  =  /l00  =  10.     10  in.  =  length  of  hypot. 

2.  The  hypotenuse  of  a  right-angled  triangle  is  20 
inches,  and  the  base  is  16  inches:  what  is  the  perpen- 
dicular ? 

3.  The  hypotenuse  of  a  right-angled  triangle  is  45 
feet,  and  the  perpendicular  is  27  feet :  what  is  the  base  ? 

4.  A  rectangular  field  is  192  yards  long  and  144  yards 
wide:  what  is  the  length  of  the  diagonal? 
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5.  The  foot  of  a  ladder  is  18  feet  from  the  base  of  a 
building,  and  the  top  reaches  a  window  24  feet  from 
the  base :  what  is  the  length  of  the  ladder  ? 

6.  Two  boys  start  from  the  same  point,  and  one 
walks  96  rods  due  north,  and  the  other  72  rods  due 
east:  how  far  are  they  apart? 

7.  A  flag  pole  180  feet  high  casts  a  shadow  135  feet 
in  length :  what  is  the  distance  from  the  top  of  the 
pole  to  the  end  of  the  shadow? 

8.  A  boy  in  flying  his  kite  let  out  240  feet  of  string, 
and  the  distance  from  where  he  stood  to  a  point  di- 
rectly under  the  kite  was  208  feet :  how  high  was  the 
kite,  supposing  the  string  to  be  straight? 

II.  The  Circle. 

Art.  372.  Principles. — 1.  The  area  of  a  circle  is  equal 
to  the  square  of  its  diameter  multiplied  by  .7854.  (Art,  192, 
Note  3.)     Conversely, 

2.  The  diameter  equals  the  square  root  of  the  quotient  ob- 
tained by  dividing  the  area  by  .7854. 

3.  The  areas  of  two  circles  are  to  each  other  as  the 
squares  of  their  diameters. 

Note. — The  area  of  an  ellipse  equals  the  product  of  its  two 
diameters  as  factors  multiplied  by  .7854. 

9.  A  circular  pond  is  100  feet  in  diameter:  how 
many  square  yards  does  it  contain? 

10.  A  circular  room  has  an  area  of  78.54  square 
yards:  what  is  its  diameter? 

11.  How  many  circles,  each  3  inches  in  diameter, 
will  equal  in  area  a  circle  whose  diameter  is  2  feet? 

12.  How  many  circles,  each  15  inches  in  diameter, 
will  equal  in  area  a  circle  whose  diameter  is  5  feet? 

/^  13.  A  horse  tied  to  a  stake  can  graze  on  218^-  square 
\  yards  of  surface :  to  what  distance  from  the  stake  cap 
it  graze? 
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14.   How   many   circles,    each    3    inches   in    diameter, 
contain  the  same  area  as  a  surface  2.5  feet  square? 


III.    The  Sphere. 

Art.  373.     Principles. — 1.   The   surface  of  a   sphere  is 
to  the  square  of  the  diameter  multiplied  by  3.1^16. 

2.  The  solid  contents  of  a  sphere  are  equal  to  the  cube  of 
the  diameter  multiplied  by  .5236. 

3.  Two  spheres  are  to  each  other  as  the  cubes  of  their 
diameters. 

Note. — The  surface  of  a  sphere  may  also  be  found  by  multiply- 
ing the.  circumference  by  the  diameter;  and  the  solid  contents,  by 
multiplying  the  surface  by  one  sixth  of  the  diameter. 

15.  What  is  the  surface  of  a  sphere  whose  diameter 
is  10  inches?     15  inches? 

16.  How  many  square  miles  on  the  surface  of  the 
earth,  its  mean  diameter  being  7912  miles? 

17.  How  many  cubic  miles  in  the  solid  contents  of 
the  earth? 

18.  How  many  cubic  inches  in  a  cannon  ball  whose 
diameter  is  7  inches?     9  inches? 

19.  How  many  balls  2  inches  in  diameter,  equal  in 
solid  contents  a  ball  whose  diameter  is  8  inches? 

20.  The  surface  of  the  planet  Mercury  contains  about 
28274400  square  miles:  what  is  its  diameter? 

21.  The  diameter  of  the  earth  is  about  4  times  the 
diameter  of  the  moon :  how  many  times  larger  than 
the  moon  is  the  earth?  How  does  the  moon's  surface 
compare  with  the  earth's  surface? 

22.  The  diameter  of  Jupiter,  the  largest  planet,  is 
about  85000  miles,  and  the  diameter  of  the  sun  is 
about  850000  miles:  how  many  times  larger  than  Ju- 
piter is  the  sun?  How  does  Jupiter's  surface  compare 
with  the  sun's  surface? 
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23.  The  planet  Uranus  contains  about  18816613200000 
cubic  miles :    what  is  its  diameter  ? 

Suggestion.— Divide  the  solid  contents  by  .5236,  and  extract 
the  cube  root  of  the  quotient. 

24.  A  brass  ball  contains  904.7808  cubic  inches :  what 
is  its  diameter? 

25.  The-  spherical  volume  of  one  of  the  asteroids  is 
7238246.4  cubic  miles :  what  is  its  diameter  ? 

IV.  Cones  and  Pyramids. 

Art.  374.  Principles.  — 1.  The  convex  surface  of  a  cone 
or  pyramid  equals  the  product  of  the  circumference  or  perim- 
eter of  the  base  by  one  half  of  the  slant  height. 

2.  The  solid  contents  of  a  cone  or  pyramid  equal  the  area 
of  the  base  multiplied  by  one  third  of  the  altitude. 

Note. — The  solid  contents  of  the  frustum  of  a  cone  or  pyramid 
are  found  by  adding  to  the  sum  of  the  area  of  two  bases  the  square  root 
of  their  product,  and  multiplying  the  result  by  one  third  of  the  altitude. 

26.  What  is  the  convex  surface  of  a  cone  whose  base 
is  10  inches  in  diameter  and  whose  slant  height  is  12 
inches  ? 

27.  What  is  the  entire  surface  of  a  pyramid  whose  base 
is  20  inches  square,  and  whose  slant  height  is  30  inches  ? 

28.  The  base  of  a  pyramid  is  12  inches  square  and 
its  height  15  inches,  and  the  base  of  a  cone  is  12  inches 
in  diameter  and  its  height  15  inches :  what  is  the 
difference  in  their  solid  contents? 

29.  Find  the  solid  contents  of  the  frustum  of  a  cone 
the  diameters  of  whose  bases  are  10  in.  and  6  in.,  and 
altitude  12  inches. 

30.  Find  the  solid  contents  of  a  frustum  of  a  pyra- 
mid whose  two  bases  are  10  in.  and  6  in.  square,  and 
whose  altitude  is  15  inches. 
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To  Teachers.— Review  the  "Oral  Problems"  on  pages  76-79 
and  268-274,  and  continue  the  drills  until  the  analytic  solutions 
are  made  with  accuracy  and  ease. 


WRITTEN     PROBLEMS. 

1.  The  minuend  is  1250,  and  the  remainder  592: 
what  is  the  subtrahend? 

2.  The  quotient  is  71,  the  divisor  42,  and  the  re- 
mainder 15  :  what  is  the  dividend  ? 

3.  What  will  be  the  cost  of  3760  lb.  of  hay  at  812.50 
a  ton  ?     At  88.50  a  ton  ? 

4.  A  man  paid  836  for  a  stack  of  hay  containing  4-|- 
tons,  and  sold  it  at  50  cts.  a  hundred :  how  much  did 
he  gain? 

5.  At  824.50  per  acre,  how  many  acres  of  land  can 
be  bought  for  83560.75? 

6.  Add  I  I  \  of  I  and  f  of  2J. 

7.  From  17^-  take  f  of  6^,  and  multiply  the  re- 
mainder by  i  of  3J. 

8.  Multiply  f  of  |  by  -J-  of  -f,  and  divide  the  prod- 
uct by  |  of  2V 

9.  Divide  f  of  61  by  f  of  1\. 

1 0.  What  number  multiplied  by  28f  will  produce  145  ? 

1 1.  From  the  sum  of  215|  and  125|  take  their  differ- 
ence. 

12.  Multiply  I +  |  of  f  by  1-1  of  f. 

13.  Divide  2^-  by  3-J-,  and  multiply  the  quotient  by  3£, 

14.  By  what   number   must   8|f   be   multiplied   that 
ihe  product  mav  be  3? 
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15.  A  man  bought  T9g  of  a  section  of  land  for 
and  sold  f  of  it  at  $10  an  acre,  and  the  rest  at  $12  an 
acre :  how  much  did  he  gain  ? 

16.  A  merchant  owning  f  of  a  ship  sells  f  of  his 
share  for  816800:  what  is  the  value  of  the  whole  ship, 
at  this  rate,  and  what  part  of  the  ship  has  he  left? 

17.  Add  9  thousandths,  3  hundredths,  and  7  units. 

18.  From  15  ten-thousandths  take  27  millionths,  and 
multiply  the  difference  by  205  tenths. 

19.  Multiply  160  by  16  thousandths,  and  divide  the 
product  by  25  ten-thousandths. 

20.  Multiply  15  thousandths  by  15  hundredths,  and 
from  the  product  take  15  millionths. 

21.  Divide  256  thousandths  by  16  millionths. 

22.  Multiply  625  by  .003,  and  divide  the  result  by  2.5. 

23.  Change  -&$  to  a  decimal,  and  divide  result  by  2J. 

24.  Change  yf-  to  a  decimal,  and  divide  result  by 
5000. 

25.  Reduce  .625  of  a  pound  troy  to  lower  integers. 

26.  What  decimal  of  a  rod  is  .165  of  a  foot? 

27.  What  will  63  thousandths  of  a  cord  of  wood  cost, 
at  $2.25  per  cord? 

28.  How  many  minutes  will  there  be  in  the  month 
of  February,  1885?     In  February,  1884? 

29.  How  many  seconds  in  the  three  summer  months? 

30.  How  many  steps,  2  ft.  4  in.  each,  will  a  person 
take  in  walking  2\  miles? 

31.  How  many  times  will  a  wheel,  12  ft.  6  in.  in  cir- 
cumference, turn  round  in  rolling  one  mile? 

32.  How  many  acres  in  a  street  4  rd.  wide  and  2\  mi. 
long? 

33.  An  octavo  book  contains  480  pages :  how  many 
reams  of  paper  will  it  take  to  print  an  edition  of  1200 
copies,  making  no  allowance  for  waste? 

34.  How  many  grains  in  14  ingots  of  silver,  each 
weighing  27  oz.  10  pwt.  ? 
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35.  How  many  gold  rings,  each  weighing  3.2  pwt.,  can 
be  made  from  a  bar  of  gold  weighing  .75  of  a  pound? 

36.  How  many  square  feet  of  lumber  in  40  inch 
boards,  each  12  feet  long  and  1\  inches  wide? 

37.  What  will  a  board  20  ft.  long,  9  in.  wide,  and  \\ 
in.  thick  cost,  at  $30  a  thousand? 

38.  What  will  it  cost  to  lay  a  pavement  36  ft.  long 
and  9  ft.  6  in.  wide,  at  40  cents  a  square  yard? 

39.  How  many  steps,  2  ft,  6  in.  each,  will  a  man 
take  in  walking  round  a  field  45  rods  square? 

40.  How  many  lengths  of  fence,  each  14  ft.  long,  will 
inclose  a  field  28  rods  square? 

41.  A  rectangular  field  is  60  rods  long  and  37|  rods 
wide:  how  many  boards,  each  12  feet  long,  will  inclose 
it  with  a  fence  5  boards  high? 

42.  How  many  bricks,  4  by  8  in.,  will  it  take  to  pave 
a  walk  16  ft.  wide  and  6h  rods  long,  with  no  allowance 
for  edges  or  waste? 

43.  A  tract  of  land  is  4  mi.  long  and  2^  mi.  wide: 
how  many  sections  does  it  contain?     How  many  acres? 

44.  A  speculator  bought  3J  sections  of  land  at  $4.50 
an  acre,  and  sold  the  land  at  86.25  an  acre :  how  much 
did  he  gain? 

45.  A  man  sold  a  farm  containing  a  quarter  of  a  sec- 
tion of  land,  for  $3280:  what  did  he  receive  per  acre? 

46.  What  will  it  cost  to  excavate  a  cellar  40  ft.  long, 
21  ft.  6  in.  wide,  and  4  ft,  deep,  at  $.75  a  cubic  yard? 

47.  How  many  cubic  yards  of  earth  must  be  removed 
to  make  a  reservoir  120  ft,  long,  54  ft.  wide,  and  9  ft. 
deep  below  the  surface? 

48.  How  many  perches  of  stone  in  the  walls  of  a  fort 
120  ft,  square,  the  walls  being  33J-  ft.  high  and,  on  an 
average,  11  ft.  thick? 

49.  What  will  it  cost  to  dig  a  ditch  80 Dm  long,  1.4  m 
wide,  and  8dm  deep,  at  35  cts.  a  cubic  meter?  At  33J 
cts.  a  cubic  yard? 
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50.  How  many  cubic  meters  of  stone  in  a  wall  32" 
long,  2.5 m  high,  and  .65 m  thick? 

51.  At  $4.50  a  cord,  what  is  the  value  of  a  pile  of 
three-foot  wood  40  ft.  long  and  6|  ft.  high? 

52.  A  man  bought  a  pile  of  four-foot  wood  36  ft.  long 
and  8  ft.  high,  at  $5.50  a  cord:  what  did  it  cost? 

53.  At  $2.62-|  a  cord,  what  will  be  the  cost  of  a  pile 
sf  stove  wood  85  ft.  6  in.  long  and  6  ft.  high? 

54.  Three  men,  A,  B,  and  C,  bought  a  hogshead  of 
sugar,  weighing  13  cwt.  60  lb. ;  A  received  \  of  it,  B  § 
of  the  remainder,  and  C  what  was  left :  how  much  sugar 
did  each  receive? 

55.  How  many  sacks,  holding  2  bu.  3  pk.  2  qt.  each, 
can  be  filled  from  a  bin  containing  366  bu.  3  pk.  4  qt. 
of  wheat? 

56.  A  lady  bought  6  silver  spoons,  each  weighing  3 
oz.  3  pwt.  8  gr.,  at  $2.25  an  ounce,  and  a  gold  chain, 
weighing  14  pwt.,  at  $1.25  a  pwt. :  what  was  the  cost 
of  both  spoons  and  chain  ? 

57.  How  many  bricks  will  it  require  to  build  a  wall 
2  rods  long,  6  feet  high,  and  18  inches  thick,  each  brick 
being  8  inches  long,  4  inches  wide,  and  2J-  inches  thick, 
with  no  allowance  for  mortar? 

58.  Cincinnati  is  7°  49'  west  of  Baltimore :  when  it  is 
noon  at  Baltimore,  what  is  the  hour  at  Cincinnati? 
/59.  New    York    is    75    degrees    of   longitude   west    of 
London :  when   it   is   noon  at   New  York,  what   is  the 
hour  at  London? 

60.  Boston  is  71 c  4'  9"  W.  longitude,  and  Cleveland 
is  81°  47'  W. :  when  it  is  4  p.  m.  at  Cleveland,  what  is 
the  hour  at  Boston? 

61.  What  part  of  a  rod  is  2  ft.  9  in.? 

62.  Reduce  208  rods  to  the  decimal  of  a  mile. 

63.  Reduce  §  sq.  yd.  to  the  fraction  of  an  acre. 

64.  From  I  of  a  pound  troy  take  -f  of  an  ounce. 

65.  Reduce  §  of  a  quart  to  the  fraction  of  a  busheL 
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66.  A  regiment  lost  Sfo  of  its  men  in  battle,  25^  of 
those  that  remained  died  from  sickness,  and  it  then 
mustered  621  men :  how  many  men  in  the  regiment  at 
first? 

67.  A  quantity  of  sugar  was  bought  for  8150,  and 
sold  for  8167.50:  what  was  the  gain  per  cent? 

68.  A  merchant  bought  500  yards  of  cloth  for  81800: 
for  how  much  a  yard  must  he  sell  it  to  gain  25%  ? 

69.  A  man  sold  a  piece  of  cloth  for  824,  and  thereby 
lost  2ofc  '  if  he  had  sold  it  for  834,  would  he  have 
gained  or  lost,  and  what  per  cent? 

70.  I  sold  goods  at  20%  gain,  and,  investing  the  pro- 
ceeds, sold  at  20%  loss:  did  I  gain  or  lose  by  the  op- 
eration, and  what  per  cent? 

71.  Sold  2  carriages,  at  8240  a  piece,  and  gained  20^ 
on  one  and  lost  20%  on  the  other:  how  much  did  I 
gain  or  lose  in  the  transaction  ? 

72.  A  man  bought  a  horse  for  872,  and  sold  it  for 
25%  more  than  cost,  and  10%  less  than  he  asked  for 
it :  what  did  he  ask  for  it  ? 

73.  A  merchant  marked  a  lot  of  goods,  costing  8580C, 
at  30%  above  cost,  but  sold  them  at  10^  less  than  the 
marked  price:  how  much  did  he  gain?  What  per 
cent? 

74.  What  must  I  ask  for  cloth,  costing  $4  a  yard, 
that  I  may  deduct  20%  from  my  asking  price  and  still 
make  20%  ? 

75.  A  man  bought  stock  at  25%  below  par  and  sold 
it  at  20%  above  par:  what  per  cent  did  he  make? 

76.  A  fruit  dealer  lost  33J  per  cent  of  a  lot  of  apples, 
and  sold  the  remainder  at  a  gain  of  50  per  cent :  re- 
quired the  per  cent  of  gain  or  loss. 

77.  I  bought  63  kegs  of  nails,  each  keg  containing 
100  lb.,  at  4i  cents  a  pound,  and  sold  §  of  them  for 
what  -i-  of  them  cost:  what  per  cent  did  I  lose  on  the 
part  sold? 
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78.  I  bought  8128.25  worth  of  goods;  kept  them  on 
hand  6  months  when  money  was  worth  8fo  interest, 
and  then  sold  them  at  a  net  gain  of  Q>%  -  f°r  how  much 
were  they  sold? 

79.  When  money  was  worth  9%  interest,  I  bought 
$800  worth  of  goods,  kept  them  4  months,  and  then  sold 
them  for  8959.10:  what  per  cent  on  the  cost  did  I  gain? 

80.  A  speculator  borrowed  the  money  at  8%  and 
bought  2560  bushels  of  wheat  at  95  cts.  a  bushel,  Sept. 
10,  1882,  and  on  June  4,  1883,  sold  the  lot  at  81.15  a 
bushel :  how  much  did  he  gain,  no  allowance  for  grace  ? 

81.  A  house  valued  at  83240  is  insured  for  §  of  its 
value,  at  f  fc  '•  what  is  the  premium  ? 

82.  I  pay  819.20  premium  for  insuring  my  house  for 
£  of  its  value,  at  \\%  :  what  is  the  value  of  my  house? 

83.  A  capitalist  sent  a  broker  825000  to  invest  in 
cotton,  after  deducting  his  commission  of  2h%  :  how 
much  cotton,  at  5  cents  a  pound,  did  the  broker  pur- 
chase?    What  was  his  commission? 

84.  An  agent  received  8502.50  to  purchase  cloth,  after 
deducting  \%  commission :  how  many  yards  did  he  buy 
at  81.25  a  yard? 

85.  What  is  the  interest  of  8125.50  for  7  months  10 
days,  at  7%  ? 

86.  What  is  the  interest  of  850000  for  1  day,  at  8%  ? 
For  2  mo.  2  da.? 

87.  What  is  the  interest  of  875.50  from  June  12,  1879, 
to  Aug.  6,  "1880,  at  7i%  ? 

88.  A  man  loaned  8800  for  2  years  6  months,  and 
received  890  interest :   what  was  the  rate  per  cent  ? 

89.  At  what  rate  per  cent  will  8311.50  amount  to 
$337.40  in  1  yr.  4  mo.  ? 

90.  What  sum  of  money  will  yield  as  much  interest 
in  3  yr.,  at  4J%,  as  8540  yields  in  1  yr.  8  mo.,  at  7%  ? 

9L  The  amount  of  a  certain  principal  for  3  years,  at 
%  certain  rate  per  cent,  is   8750,  and   the   interest  is   J 


GENERAL   REVIEW.  317 

of  the  principal :  what  is  the  principal,  and  what  is  the 
rate  per  cent? 

92.  A  note  for  8500,  dated  Oct.  8,  1882,  and  bearing 
interest  at  9%,  is  indorsed  as  follows:  Nov.  4,  1883, 
830;  Jan.  30,  1884,  $250.     What  was  due  July  1,  1884? 

93.  What  is  the  bank  discount  on  $125,  payable  in 
90  days,  at  8 %  ?     What  the  proceeds  ? 

94.  What  is  the  bank  discount  of  $359.50,  for  60  days, 
at  1%  ?     For  90  days  at  8f0  ? 

95.  For  what  sum  must  I  give  my  note  at  a  bank, 
payable  in  4  months,  at  10%,  to  obtain  8300? 

96.  What  is  the  present  worth  of  a  note  of  $1320, 
due  in  3  years  and  4  months,  without  interest,  money 
being  worth  6^  ?     What  is  the  discount  ? 

97.  If  $75  yield  $10.80  interest,  what  principal  will 
yield  S89.28  interest  in  the  same  time? 

98.  If  the  interest  of  8475  is  8118.75,  what  would  be 
the  interest  of  8850  for  the  same  time,  at  the  same  rate  ? 

99.  If  the  interest  of  a  certain  principal  for  a  certain 
time  at  5%  is  $120.50,  what  would  be  the  interest  of 
the  same  principal  for  the  same  time  at  12%  ? 

100.  When  exchange  on  London  is  quoted  at  4.90, 
what  will  be  the  cost  in  New  York  of  a  bill  of  exchange 
for  £250? 

101.  When  exchange  on  Paris  is  quoted  at  5.16J,  how- 
large  a  bill  of  exchange  in  francs  can  be  bought  for 
$2400? 

102.  When  exchange  on  Berlin  is  quoted  at  96f ,  what 
will  be  the  cost  in  New  York  of  a  bill  of  exchange  for 
19350  marks? 

103.  I  borrow  of  A  8150  for  6  months,  and  I  after- 
ward lend  him  8100:  how  long  may  he  keep  it  to  bal- 
ance the  use  of  the  sum  he  lent  me? 

104.  A  owes  B  $300,  of  which  $50  is  due  in  2  months, 
$100  in  5  months,  and  the  remainder  in  8  months  - 
what  is  the  equated  time  for  the  whole  sum? 
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105.  A  man  owes  8300  due  in  5  months,  and  $700 
due  in  3  months,  and  $200  due  in  8  months :  if  he  pays 
J  of  the  whole  in  2  months,  when  ought  the  other  half 
to  be  paid? 

106.  I  have  sold  50  bushels  of  wheat  for  A,  and  60 
bushels  for  B,  receiving  $150  for  both  lots :  if  A's  wheat 
is  worth  20%  more  than  B's,  how  much  ought  I  to  pay- 
each? 

107.  Two  men  divided  a  lot  of  wood,  which  they  pur- 
chased together  for  $27;  one  took  5J  cords,  the  other  8 
cords:  what  ought  each  to  pay? 

108.  If  8  men  cut  84  cords  of  wood  in  12  days,  work- 
ing 7  hours  a  day,  how  many  men  will  cut  150  cords 
in  10  days,  working  5  hours  a  day? 

109.  If  16  horses  consume  84  bushels  of  grain  in  24 
days,  how  many  bushels  will  supply  36  horses  16  days? 

110.  If  the  wages  of  24  men  for  4  days  are  $192,  what 
will  be  the  wages  of  36  men  for  3  days  ? 

111.  If  4  men  in  7f  days  earn  $53§,  how  much  will 
7  men  earn  in  30§  days? 

112.  A  and  B  traded  in  company  and  gained  $750,  of 
which  B's  share  was  $600;  A's  stock  was  $1200:  what 
was  B's  stock? 

113.  A  and  B  formed  a  partnership  for  one  year,  and 
A  put  in  $2000  and  B  $800:  how  much  more  must  B 
put  in  at  the  close  of  6  months  to  receive  one  half  of 
the  profits? 

114.  A  and  B  engage  in  trade;  A  puts  in  $200  for  5 
months,  B  $300  for  2  months;  they  draw  out  capital 
and  profits  to  the  amount  of  $1389:  what  is  each 
man's  share  of  the  profits? 

115.  What  is  the  square  root  of  41616?     Of  420.25? 

116.  What  is  the  cube  root  of  46656?     Of  42.875? 

117.  A  certain  window  is  30  feet  from  the  ground: 
how  far  from  the  base  of  the  building  must  the  foot  of 
a  ladder  50   feet  long   be  placed  to  reach  the  window? 
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118.  Two  men  start  from  the  same  point ;  one  travels 
52  miles  north,  and  the  other  39  miles  west:  how  far 
are  they  apart? 

119.  A  house  is  40  feet  high  from  the  ground  to  the 
eaves :  how  long  a  ladder  will  reach  the  eaves,  supposing 
the  foot  of  the  ladder  be  placed  30  feet  from  the  house? 

120.  How  many  rods  of  fence  will  inclose  10  acres  in 
the  form  of  a  square? 

121.  A  floor  is  24  ft,  long  and  15  ft.  wide:  what  is 
the  distance  between  two  opposite  corners? 

122.  A   room    is   20   ft.    long,  16  ft.  wide,  and    12  ft. 
high :  what  is  the  distance  from  one  of  the   lower  cor-   - 
ners  to  the  upper  opposite  corner? 

123.  How  many  cubic  feet  in  a  stone  8  ft.  long,  hh  ft 
wide,  and  3J  ft.  thick? 

124.  How  many  square  feet  on  the  surface  of  a  stone 
6  ft.  long,  4  ft.  wide,  and  1J  ft.  thick? 

125.  A  circular  field  is  40  rods  in  diameter:  what  is 
its  circumference?     How  many  acres  does  it  contain? 

126.  The  area  of  a  circle  is  470. 8f  square  inches: 
what  is  the  length  of  its  diameter? 

127.  How  many  iron  balls  2  in.  in  diameter  will 
weigh  as  much  as  an  iron  ball  8  in.  in  diameter?  ,- 

128.  How  many  cubical  blocks,  each  edge  of  which  is 
J  of  a  foot,  are  equivalent  to  a  block  of  wood  8  ft. 
long,  4  ft.  wide,  and  2  ft.  thick? 

129.  How  many  two-inch  cubical  blocks  can  be  packed 
in  a  box  12  in.  long,  10  in.  wide,  and  8  in.  deep,  inside 
measurement  ? 

130.  How  many  bars  of  soap,  each  4  in.  long,  1\  in. 
wide,  and  \\  in.  thick,  can  be  packed  in  a  box  12  in. 
long,  10  in.  wide,  and  6  in.  deep? 

131.  How  many  bushels  of  wheat  will  fill  a  bin  8  feet 
long,  5  feet  wide,  and  4  feet  deep? 

132.  How  many  gallons  in  a  round  cistern  6  ft.  ic 
diameter  and  7  ft.  deep?     How  many  barrels? 
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133.  How  many  barrels  in  a  round  cistern  6  ft.  in 
diameter  and  9  ft.  deep? 

134.  How  many  barrels  of  water  will  a  tank  contain 
which  is  7  ft.  long,  6  ft.  wide,  and  5^  ft.  deep  ? 

135.  How  many  gallons  of  water  will  fill  a  circular 
cistern  6  ft.  deep  and  4  ft.  in  diameter? 

136.  A  square  and  a  triangle  contain  an  equivalent 
area,  and  the  base  of  the  triangle  is  36.1  inches,  and 
its  altitude  is  5  inches :  what  is  the  side  of  the  square  ? 

137.  One  of  the  mammoth  pines  of  California  is  110 
feet  in  circumference :  what  is  its  diameter  ? 

138.  How  many  cubic  feet  in  a  portion  of  the  above 
tree  100  feet  in  length,  supposing  its  mean  circumfer- 
ence to  be  94.248  feet? 

139.  The  mean  distance  of  the  earth  from  the  sun 
(new  value)  is  about  91400000  miles :  if  the  earth  re- 
volves in  its  orbit  in  365J  days,  what  is  its  mean  hourly 
motion  ? 

140.  The  mean  distance  of  Mercury  from  the  sun  (new 
value)  is  about  35400000  miles,  and  the  planet  revolves 
in  its  orbit  in  87.9  days :  what  is  its  mean  hourly 
motion  ? 

141.  A  man  steps  2  ft.  8  in.,  and  a  boy  1  ft.  10  in. ; 
but  the  boy  takes  8  steps  while  the  man  takes  5 :  how 
far  will  the  boy  walk  while  the  man  walks  3|  miles  ? 

142.  Two  trees  stand  on  opposite  sides  of  a  stream  40 
feet  wide ;  the  height  of  one  tree  is  to  the  width  of  the 
stream  as  8  is  to  4,  and  the  width  of  the  stream  is  to 
the  height  of  the  other  as  4  is  to  5 :  what  is  the  distance 
between  their  tops? 

143.  A  cistern  is  filled  by  two  pipes,  one  of  which 
will  fill  it  in  2  hours,  and  the  other  in  3  hours;  it  is 
emptied  by  three  pipes,  the  first  of  which  will  empty 
it  in  5  hours,  the  second  in  6  hours,  and  the  third  in 
7J  hours:  if  all  the  pipes  be  left  open,  in  what  time 
will  it  be  filled? 
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1.  What  is  a  unit?  A  number?  An  integer?  In  how  many 
ways  may  numbers  be  represented  ?  Express  twenty-five  by  each 
method. 

2.  What  is  the  difference  between  numeration  and  notation? 
Between  the  Arabic  notation  and  the  Roman  ? 

3.  How  is  the  value  of  a  figure  affected  by  its  removal  one 
order  to  the  left?  One  order  to  the  right?  How  is  the  value 
of  a  number  affected  by  annexing  a  cipher?     Why? 

4.  How  many  units  are  there  in  the  sum  of  two  or  more  in- 
tegers? Why  in  addition  are  like  orders  of  figures  written  in 
the  same  column? 

5.  Show  that  the  adding  of  10  to  a  term  of  the  minuend,  and 
1  to  the  next  higher  term  of  the  subtrahend,  increases  the  min- 
uend and  subtrahend  equally.  Show  that  the  adding  of  10  to  a 
term  of  the  minuend  and  subtracting  1  from  its  next  higher  term 
does  not  change  the  value  of  the  minuend. 

6.  Why  must  the  multiplier  be  an  abstract  number?  When 
the  multiplicand  is  concrete,  what  is  true  of  the  product?     Why? 

7.  What  kind  of  number  is  the  quotient  when  both  divisor 
and  dividend  are  like  numbers?  How  is  the  quotient  affected 
by  multiplying  or  dividing  both  dividend  and  divisor  by  the 
same  number?  What  is  the  difference  between  short  division 
and  long  division  ? 

8.  Name  all  the  prime  numbers  from  1  to  20  inclusive.  Show 
that  two  composite  numbers  may  be  prime  with  respect  to  each 
other. 

9.  What  is  meant  by  the  factors  of  a  number?  The  prime 
factors?  Show  that  the  common  factor  of  two  or  more  numbers 
is  a  factor  of  their  sum. 

10.  How  is  a  number  affected  by  the  canceling  of  a  factor? 
On  what  principle  may  the  common  factors  of  a  dividend  and  a 
divisor  be  canceled? 

11.  When  is  a  divisor  a  common  divisor?  What  is  the  great- 
est common  divisor  of  two  or  more  numbers?  Show  that  the 
common  divisor  of  two  numbers  is  a  divisor  of  their  sum  and 
also  of  their  difference. 

12.  How  many  multiples  has  every  number?  What  is  a 
common  multiple?  What  is  the  least  common  multiple  of  two 
or  more  numbers? 
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13.  What  is  the  difference  between  a  divisor  and  a  multiple 
of  a  number?  Between  the  terms  factor  and  divisor?  Divisor 
and  measure? 

14.  What  is  a  fraction?  In  what  two  ways  may  a  fraction 
be  expressed?  What  is  the  numerator  of  a  fraction?  The  de- 
nominator? 

15.  What  is  the  difference  between  the  unii  of  a  fraction  and 
a  fractional  unitf  Which  term  of  a  fraction  denotes  the  size  of 
the  fractional  unit?  When  is  the  value  of  a  fraction  equal  to  1? 
Greater  than  1  ?    Less  than  1  ? 

16.  Show  that  the  division  or  multiplication  of  both  terms  of 
a  fraction  by  the  same  number,  does  not  change  its  value.  How 
is  the  value  of  a  proper  fraction  affected  by  adding  the  same 
number  to  both  of  its  terms?  By  subtracting  the  same  number 
from  both  of  its  terms? 

17.  On  what  principle  is  a  fraction  reduced  to  lower  terms? 
To  higher  terms?  On  what  principle  are  two  or  more  fractions 
reduced  to  a  common  denominator? 

18.  In  what  two  ways  may  a  fraction  be  multiplied  by  an  in- 
teger ?  Why  ?  In  what  two  ways  may  a  fraction  be  divided  by 
an  integer?  In  what  three  ways  may  a  fraction  be  divided  by 
a  fraction? 

19.  What  is  a  decimal  fraction?  Is  the  fraction  fifteen-hun- 
dredths  a  decimal  fraction?  Why?  In  what  two  ways  may  it 
be  expressed  by  figures?  Which  is  called  the  decimal  form? 
What  is  the  denominator  of  a  decimal  fraction  ? 

20.  What  is  meant  by  decimal  places  ?  What  is  the  name  of 
the  third  decimal  order  from  units?     How  is  a  decimal  read? 

21.  How  is  the  value  of  a  decimal  affected  by  annexing  deci- 
mal  ciphers?     Why?     By  prefixing  decimal  ciphers?     Why? 

22.  How  is  a  decimal  reduced  to  a  common  fraction  ?  A  com- 
mon fraction  to  a  decimal?  Why  can  decimals  be  added  and 
subtracted  like  integers? 

23.  Why  does  the  product  contain  as  many  decimal  places  as 
both  multiplicand  and  multiplier  ?  Why  does  the  dividend  con- 
tain as  many  decimal  places  as  both  divisor  and  quotient? 

24.  How  is  a  decimal  divided  by  10,  100,  etc.?  How  is  a 
decimal  multiplied  by  10,  100,  etc.  ?  Why  are  numbers  denoting 
sums  of  money  added  and  subtracted  like  decimals? 

25.  Is  every  concrete  number  denominate?  Give  illustrations. 
What  is  the  difference  between  a  simple  denominate  number 
and  a  compound  number9     Give  examples. 
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26.  How  are  denominate  fractions  reduced  from  a  higher  to 
a  lower  denomination  ?     From  a  lower  to  a  higher  ? 

27.  How  is  a  denominate  number  reduced  to  the  fraction  ot 
a  higher  denomination  ?     Give  an  example. 

28.  What  is  the  difference  between  simple  addition  and  com- 
pound addition  ?     In  what  respect  are  the  processes  alike  ? 

29.  When  are  compound  numbers  of  the  same  kind  ?  Give  ex- 
amples. How  is  a  compound  number  divided  by  another  of  the 
same  kind  ? 

30.  What  part  of  the  equator  passes  beneath  the  vertical  rays  of 
the  sun  every  hour?  What  part  of  the  tropic  of  Cancer?  What 
part  of  any  parallel  situated  between  the  polar  circles  ? 

31.  Why  is  the  time  of  day  earlier  at  New  York  than  at  St. 
Louis  ?  When  the  difference  in  longitude  between  two  places  is 
given,  how  is  the  difference  in  time  found? 

32.  What  is  the  Metric  System  ?  What  is  the  primary  unit  of 
the  system  ?     Its  length ?     What  is  a  liter?     What  is  a  gram  ? 

33.  How  are  the  multiples  of  the  meter,  liter,  and  gram 
named?  How  are  the  subdivisions  named?  Why -are  metric 
numbers  added  and  subtracted  like  integers  or  decimals? 

34.  What  is  a  rectangle  ?     How  is  its  area  found  ? 

35.  What  is  a  circle?  When  the  diameter  is  given,  how  is  the 
circumference  found  ?    How  is  its  area  found  ? 

36.  What  is  a  right-angled  triangle  ?     How  is  its  area  found  ? 

37.  What  is  a  rectangular  solid?  What  is  the  difference  be- 
tween an  edge  and  a  face  of  a  rectangular  solid  ? 

38.  Show  that  the  product  of  the  three  dimensions  of  a  rectan- 
gular solid  represents  its  volume  or  solid  contents.  How  are  the 
contents  of  a  cylinder  found  ? 

39.  How  is  the  capacity  of  a  bin  in  bushels  found  ?  How  is  the 
capacity  of  a  vessel  in  liquid  gallons  found  ? 

40.  What  is  meant  by  5  per  cent  of  a  number?  What  is  the 
difference  between  the  terms  rate  per  cent  and  ratef 

41.  What  three  numbers  are  considered  in  percentage?  Define 
each.  In  what  two. senses  is  the  term  percentage  used  ?  Give  the 
three  cases  of  percentage  and  the  formula  for  each. 

42.  What  is  the  distinction  between  the  cost  of  an  article  and 
its  selling  price?  When  is  an  article  sold  at  a  profit?  When 
at  a  loss  or  discount? 

43.  What  is  meant  by  commission?  How  is  it  computed? 
What  is  the  difference  between  a  factor  and  a  broker?  Define 
net  proceeds. 
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44.  What  is  capital?  What  is  the  distinction  between  the 
market  value  and  the  par  value  of  capital?  When  is  capital  at 
par?     At  a  premium?     At  a  discount? 

45.  What  is  insurance?  What  is  the  premium?  What  is  the 
distinction  between  property  insurance  and  personal  insurance? 

46.  "What  is  a  property  tax?  A  poll  tax?  An  excise  tax? 
How  is  a  property  tax  assessed?  How  is  the  rate  of  tax  deter- 
mined ? 

47.  What  are  customs  or  duties?  What  is  the  difference  be- 
tween specific  duties  and  ad  valorem  duties?  What  is  a  tariff? 
From  what  kind  of  taxes  is  the  internal  revenue  of  the  United 
States  derived? 

48.  What  is  interest?     What  is  the  rate  of  interest? 

49.  How  is  the  interest  of  any  principal  for  one  year,  at  any 
rate  per  cent,  found?  Give  the  rule  for  the  general  method  of 
computing  interest.     Give  the  rule  for  the  six  per  cent  method. 

50.  How  many  methods  are  there  of  finding  the  time  between 
two  dates?     Which  is  called  the  method  by  days? 

51.  What  is  meant  by  days  of  grace?  When  is  a  note  with 
grace  payable?     When  is  it  due? 

52.  How  is  a  note  not  drawing  interest  discounted  by  a  bank? 
What  are  the  proceeds?  What  is  the  discount?  What  is  the 
difference  between  bank  discount  and  interest? 

53.  What  is  a  promissory  note?  What  is  its  face?  Who  is 
an  indorser?  When  is  a  note  negotiable?  When  is  a  note  not 
negotiable  ?     What  is  a  check  ? 

54.  On  what  principles  is  the  United  States  Rule  for  partial 
payments  based  ?  What  rule  is  generally  used  when  a  note  runs 
less  than  a  year? 

55.  What  five  quantities  or  numbers  are  considered  in  inter- 
est? State  the  five  problems  in  interest,  and  give  the  formula 
for  each. 

56.  What  is  the  present  wTorth  of  a  note  due  at  a  future  time 
without  interest?  Why  is  the  difference  between  the  present 
worth  of  a  note  and  its  face  called  the  true  discount?  What  is 
the  difference  between  true  discount  and  interest? 

57.  What  is  annual  interest?  When  annual  interest  is  not 
paid  when  due,  what  kind  of  interest  does  it  draw  until  paid  ? 

58.  What  is  compound  interest?  In  what  respect  does  com- 
pound interest  differ  from  annual  interest? 

59.  What  is  meant  by  a  stock  investment?  What  are  stocks? 
What  is  the  distinction  between  capital  stock  and   other  stock? 
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60.  What  is  a  bond  ?  A  United  States  bond  ?  What  is  the 
difference  between  a  coupon  bond  and  a  registered  bond  ?  When 
bonds  are  quoted  at  108,  what  are  they  worth? 

61.  What  is  a  draft?  What  are  the  names  of  the  three  parties 
named  in  a  draft?  What  is  meant  by  the  acceptance  of  a  draft? 
By  its  protest?  What  is  the  distinction  between  a  sight  draft 
and  a  time  draft  ? 

62.  What  is  exchange?  What  is  the  rate  of  exchange?  The 
par  of  exchange  ?     What  is  domestic  exchange  ? 

63.  What  is  foreign  exchange  ?  Why  is  a  foreign  bill  issued  in 
sets  of  three?  How  is  exchange  on  England  quoted?  On 
France?     On  Germany? 

64.  What  is  the  equation  of  payments  ?  What  is  meant  by  the 
equated  time?  On  what  principle  is  the  process  of  finding  the 
equated  time  based  ?    What  is  the  equation  of  accounts  ? 

65.  Define  ratio.  What  are  the  two  terms  of  a  ratio  called? 
Which  is  the  dividend  ?  When  is  the  value  of  a  ratio  less  than 
one  ?    When  is  it  greater  than  one  ? 

66.  AVhy  must  the  two  terms  of  a  ratio  be  like  numbers? 
Why  is  the  value  of  a  ratio  not  changed  by  multiplying  or 
dividing  both  of  its  terms  by  the  same  number  ? 

67.  What  is  a  compound  ratio  ?  How  is  a  compound  ratio 
reduced  to  a  simple  ratio? 

68.  What  is  a  proportion  ?  How  many  ratios  in  a  proportion  ? 
When  is  a  proportion  called  simple  ?  When  is  it  compound  ? 
How  many  terms  in  a  simple  proportion  ? 

69.  Which  terms  are  called  the  extremes,  and  which  the 
means?    To  what  is  the  product  of  the  extremes  equal? 

70.  How  can  a  missing  mean  be  found  ?  Why  ?  A  missing 
extreme  ?  Why  ?  If  the  second  term  of  a  proportion  is  greater 
than  the  first  term,  how  will  the  fourth  term  compare  with  the 
third  ? 

71.  In  stating  a  problem  in  proportion,  which  number  is  made 
the  third  term  ?  Why  ?  What  is  the  relation  between  the  ratio 
of  like  causes  and  the  ratio  of  their  effects? 

72.  How  may  a  compound  proportion  be  reduced  to  a  simple 
proportion?  How  may  the  fourth  term  of  a  compound  propor- 
tion be  found? 

73.  What  is  the  difference  between  a  simple  partnership  and 
a  compound  partnership?  On  what  does  the  partnership  value 
of  capital  depend  when  the  time  is  equal  ?  When  the  time  is  not 
equal? 
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74.  What  is  the  difference  between  the  power  of  a  number 
and  its  root  ?  Give  examples.  What  is  the  difference  between 
involution  and  evolution  ? 

75.  What  is  the  difference  between  a  perfect  power  and  an 
imperfect  power?     Give  examples.     When  is  a  root  called  a  surd? 

76.  To  what  is  the  square  of  a  number  composed  of  tens  and 
units  equal?  To  what  is  the  cube  of  a  number  composed  of 
tens  and  units  equal? 

77.  How  many  orders  in  the  square  of  any  number?  How 
many  orders  in  the  square  root  of  any  number?  How  many 
orders  in  the  cube  of  any  number?  How  many  orders  in  the 
cube  root  of  any  number? 

78.  How  is  the  first  term  of  the  square  root  of  any  number 
found  ?  The  second  term  ?  How  is  the  first  term  of  the  cube 
root  of  any  number  found  ?     The  second  term  ? 

79.  To  what  is  the  square  of  the  hypotenuse  of  a  right-angled 
triangle  equal  ?     The  square  of  the  base  or  perpendicular  ? 

80.  How  is  the  surface  of  a  sphere  found  ?  Its  volume  ?  What 
is  the  relation  between  the  solid  contents  of  two  spheres  ? 

81.  How  is  the  convex  surface  of  a  cone  found?  The  area  of 
the  base?     The  solid  contents? 

82.  How  is  the  surface  of  a  pyramid  found  ?     Its  solid  contents  ? 

83.  How  are  the  solid  contents  of  the  frustum  of  a  cone  found  ? 
The  frustum  of  a  pyramid? 
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INTRODUCTION  TO  ALGEBRA. 

These  lessons  may  be  easily  mastered  in  the  eighth  school  year 
~or  the  last  year  of  the  course  in  arithmetic.  They  may  be 
given  in  one  or  two  exercises  each  week  during  the  year,  or,  if  pre- 
ferred, they  may  take  the  place  of  arithmetic  the  last  half  of  the 
year.  They  will  be  found  not  only  an  excellent  preparation  for 
the  study  of  elementary  algebra  in  the  secondary  school,  but  also 
of  special  interest  and  value  to  pupils  whose  schooling  ends  with 
the  grammar  school  or  with  the  rural  school. 

ALGEBRAIC  EQUATIONS. 

Art.  375.  If  a  denotes  a  certain  number,  3  a  denotes 
3  times  the  number ;  4  a  denotes  4  times  the  number ; 
and  so  on. 

1.  If  a  denotes  a  number,  what  does  2  a  denote  ? 
ha?     la?     da?     12a? 

2.  If  a  denotes  a  number,  what  will  denote  3  times 
the  number?  Five  times  the  number?  Seven  times 
the  number  ?     Ten  times  the  number  ? 

3.  If  x  denotes  the  number  of  feet  in  a  yard,  what 
will  denote  the  number  of  feet  in  2  yards  ?     4  yards  ? 

6  yards  ?     8  yards  ?     10  yards  ? 

4.  \i  x  denotes  the  number  of  hours  in  a  day,  what 
will  denote  the  number  of  hours  in  3  days  ?     5  days  ? 

7  days  ?     §  of  a  day  ?     f  of  a  day  ? 

327 
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5.  If  x  denotes  a  man's  age,  what  will  denote  3  times 
his  age  ?     5  times  his  age  ?     §  of  his  age  ?     |-  of  his  age  ? 

It  is  thus  seen  that  numbers  may  be  expressed  by 
letters  as  well  as  by  figures. 

Art.  376.  In  algebra  the  signs  +  ,  — ,  x,  -5-,  and  = 
have  the  same  meaning  as  in  arithmetic.  The  expres- 
sion 7  +  5  denotes  that  5  is  to  be  added  to  7,  and 
7  —  5  denotes  that  5  is  to  be  subtracted  from  7. 

In  like  manner  a  +  b  denotes  that  the  number  repre- 
sented by  b  is  to  be  added  to  the  number  represented 
by  a,  and  a  —  b  denotes  that  the  number  represented 
by  b  is  to  be  subtracted  from  the  number  repre- 
sented by  a, 

1.  The  sum  of  3  a  and  4  a  is  expressed  by  3  a  +  4  a, 
which  is  7  a.  How  many  times  a  in  the  sum  ?  How 
many  times  a  in  the  sum  of  5  a  and  3a? 

The  number  that  denotes  how  many  times  a  letter  is 
taken  is  called  its  coefficient.  Thus,  in  7  #,  the  7  is 
the  coefficient  of  a. 

2.  Express  by  the  sign  +  the  sum  of  4x  and  6x. 
How  many  times  x  in  the  sum  ? 

3.  Express  by  the  sign  +  the  sum  of  2x,  3#,  and 
5  x.     How  many  times  x  in  the  sum  ? 

4.  If  x  denotes  A's  age  and  Sx  B's  age,  what  will 
express  the  sum  of  their  ages  ?  How  many  times  x  in 
the  sum  ? 

5.  If  x  denotes  the  cost  of  a  chair,  Sx  the  cost  of  a 
table,  and  5x  the  cost  of  a  lounge,  what  will  express 
the  cost  of  the  three  articles  ?  How  many  times  x  in 
the  cost  ? 

6.  The  difference  expressed  by  7  a  —  4  a  is  3  a.  How 
many  times  a  in  the  difference  ? 

7.  What  is  the  difference  expressed  by  Sa  —  5a? 
9a-±a?   Sa-Sa?   12a-la?   13a-8a?   21a-9a* 
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8.  If  5x  denotes  A's  age  and  3#  denotes  B's  age, 
what  will  express  the  difference  of  their  ages  ?  How 
many  times  x  years  is  A  older  than  B  ? 

Art.  377.  The  equality  of  two  numbers  may  be 
expressed  by  the  sign  = ,  which  is  read  "  equals "  or 
"  is  equal  to."  Thus,  2  #  +  4  a;  =  24  is  read  "  two  x  plus 
four  x  equals  24." 

If  4  x  =  20,  lx,  or  #,  is  \  of  20,  which  is  5.  The 
number  5  which  x  denotes  in  the  equation  4  x  =  20  is 
called  the  value  of  x. 

1.  If  3  x  =  15,  what  is  the  value  of  x  ?   Of  4  x  ?   5  x  ? 

2.  If  3 x  +  4 z  =  35,  what  is  the  value  of  x?    OiQxl 

3.  If  3  x  +  4  x  +  5  #  =  60,  what  is  the  value  of  x  ? 

4.  If  7  x  +  5  #  +  3  x  =  45,  what  is  the  value  of  x  ? 

5.  If  12  x  —  5  x  =  28,  what  is  the  value  of  x  ? 

6.  If  7  x  +  4  #  —  3  x  =  32,  what  is  the  value  of  x  ? 

7.  If  8  #  +  7  #  —  6  x  =  54,  what  is  the  value  of  x  ? 

Art.  378.  The  expression  7+5  =  3x4  denotes 
that  the  sum  of  7  and  5  is  equal  to  the  product  of  3 
and  4.  In  like  manner  a  +  b  —  c  x  d  denotes  that  the 
sum  of  the  numbers  represented  by  a  and  b  is  equal  to 
the  product  of  the  numbers  represented  by  c  and  d. 

An  expression  denoting  the  equality  of  two  numbers 
is  called  an  equation.  Thus,  2  x  +  3  x  =  25  is  an  equa- 
tion. The  number  at  the  left  of  the  sign  of  equality  is 
called  the  first  member  of  the  equation,  and  the 
number  at  the  right  of  the  sign  is  called  the  second 
member. 

An  equation  in  which  all  the  numbers  are  expressed 
by  figures  is  called  an  arithmetical  equation. 

An  equation  in  which  one  or  more  of  the  numbers  are 
expressed  by  letters  is  called  an  algebraic  equation. 

Thus,  7  +  5  =  3x4  is  an  arithmetical  equation,  and 
3  x  +  2  x  =  20  and  a  —  b  =  c  are  algebraic  equations. 
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Art.  379.  If  x  =  4,  then  z  x  3  =  4  x  3,  or  3^  =  12; 
and  if  3  x  =  12,  then  Sx  -*-  3  =  12  -s-  3,  or  rr  =  4.  Hence, 
if  both  members  of  an  equation  be  multiplied  or  divided 
by  the  same  number  their  equality  will  not  be  affected. 

Art.  380.  The  finding  of  the  value  of  the  unknown 
number  (V)  in  an  equation  is  called  the  solution  of  the 
equation. 

Solve  the  equation  Sx  -f  ox  =  32. 

Adding  the  terms  (3  x  -f  5x),  8x  =  32 ; 

whence  (dividing  both  members  by  8),  x  =  4. 

The  solution  of  an  equation  may  be  verified  (shown 
to  be  correct)  by  substituting  for  the  unknown  number 
in  the  equation  its  value  found.  If  the  two  members 
of  the  equation  are  equal,  the  solution  is  correct. 

Thus,  substituting  4  for  #  in  3  #4-  5x  =  32,  we  have 
3x4  +  5  x  4  =  32,  or  32  =  32 ;  hence  4  is  the  correct 
value  of  x. 

Solve  and  verify  the  following  equations : 


1. 

3  x  +  4  x  =  56. 

8. 

7  x  _  6  x  +  5  x  =  54. 

2. 

9x-5x  =  30. 

9. 

5z-f-6z-7z  =  40. 

3. 

12z-f  3z  =  90. 

10. 

8z-3z  +  4:r  =  36. 

4. 

17z-9:*;=80. 

11. 

15  x  —  6x  —  4  #  =  45. 

5. 

3x  +  4x-\-  5x  = 

=  84. 

12. 

20x-Ux  +  2x  =  64:. 

6. 

6#  +  8#  —  9x  = 

:45. 

13. 

llx-6x-3x=40. 

7. 

12x  —  3x  —  4:x  = 

=  35. 

14. 

8x  +  5x-lx  =  6Q. 

ALGEBRAIC  SOLUTION  OF  PROBLEMS. 

Art.  381.  The  solution  of  problems  by  means  of 
an  algebraic  equation  is  called  the  algebraic  solution 
of  problems. 

The  first  step  in  the  algebraic  solution  of  a  problem 
is  to  state  the  conditions  of  the  problem  in  the  form  of 
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an  equation,  called  the  statement ;  and  the  second  step 
is  to  find  the  value  of  the  unknown  number,  called  the 
solution  of  the  equation. 

Art.  382.  The  advantage  of  the  algebraic  method 
of  solving  problems  is  readily  shown  by  its  use  in  the 
solution  of  problems  which  can  also  be  solved  by  the 
methods  of  arithmetic.  Take,  for  illustration,  this 
problem : 

A's  age  is  twice  B's  age,  and  the  sum  of  their  ages  is 
60  years.     What  is  the  age  of  each  ? 

Arithmetical  Solution. 

Since  A's  age  is  twice  B's  age,  B's  age  plus  twice  B's  age,  or 
three  times  B's  age,  is  60  years;  hence  B's  age  is  one  third  oi 
60  years,  which  is  20  years,  and  A's  age  is  twice  20  years,  which  it> 
40  years.     Hence  A's  age  is  40  years  and  B's  age  20  years. 

Algebraic  Solution. 
Let  x  =  B's  age ;  then  2  x  =  A's  age. 

By  the  conditions  of  the  problem, 

x  +  2  x  =  60. 

Adding  terms  (x  +  2  x)9  3  x  =  60 ; 

whence  x  =  |  of  60  =  20,  B's  age, 

and  2  x  =  40,  A's  age. 

Hence  A's  age  is  40  years  and  B's  age  20  years. 

In  the  algebraic  statement  of  a  problem,  each  number  ia  con- 
sidered abstract.  Thus,  since  20  years  =  20  x  1  year,  x  in  the  above 
solution  represents  20,  the  concrete  unit  (1  year)  being  omitted. 
To  express  the  number  of  years,  the  abstract  value  of  x,  when 
found,  is  considered  as  multiplied  by  the  omitted  concrete  unit 
(1  year).     20  x  1  year  =  20  years. 

PROBLEMS. 

Solve  the  first  nine  of  the  following  problems  by  the 
arithmetical  method  and  also  by  the  algebraic  method. 

1.  A  and  B  together  have  §  60,  and  A  has  3  times 
as  much  money  as  B.     How  much  money  has  each  ? 
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Arithmetical  Solution. 

Three  times  B's  money  =  A's  money; 

then  3  times  B's  money  +  B's  money  =  $  60. 

Hence  4  times  B's  money  =  $  60 ; 

whence  B's  money  =  \  of  $  60  =  $  15, 

and  A's  money  =  3  x  $  15  =  $  45. 

Hence  A  has  $  45  and  B  $  15. 

Algebraic  Solution. 

Let  x  =  B's  money; 

then  3  x  =  A's  money. 

Hence  x  +  3  x  =  60. 

Adding  terms,  4  a:  =  60 ; 

whence  x  =  15,  B's  money, 

and  3a:  =3  x  15  =  45,  A's  money. 

Hence  A  has  %  45  and  B  $  15. 

2.  A  father  and  his  son  together  earn  $54  a  month, 
and  the  father  earns  twice  as  much  as  the  son.  How 
much  does  each  earn  ? 

3.  A  coat  and  vest  cost  824,  and  the  coat  cost  5 
times  as  much  as  the  vest.     What  was  the  cost  of  each  ? 

4.  The  sum  of  two  numbers  is  45,  and  the  greater 
number  is  4  times  the  less.     Find  the  numbers. 

5.  Divide  36  into  two  parts  such  that  the  greater 
shall  be  3  times  the  less. 

6.  Cut  a  piece  of  tape  54  yards  long  into  two  pieces 
such  that  the  longer  piece  shall  contain  5  times  as  many 
yards  as  the  shorter. 

7.  A  and  B  together  own  150  sheep,  and  A  owns 
twice  as  many  sheep  as  B.  How  many  sheep  does  each 
own  ? 

3.  A  father  is  3  times  as  old  as  his  elder  son,  and 
the  elder  son  is  twice  as  old  as  the  younger,  and  the 
sum  of  all  their  ages  is  63  years.     How  old  is  each  ? 

9.  If  a  number  be  increased  by  twice  itself,  the 
result  will  be  63.     What  is  the  number  ? 


APPENDIX.  333 

10.  Divide  $840  among  A,  B,  and  C,  giving  to  B 
twice  as  much  as  to  A,  and  to  C  twice  as  much  as 
toB. 

11.  Divide  $18  among  A,  B,  and  C.  giving  to  A 
twice  as  much  as  to  B,  and  to  C  twice  as  much  as  to 
A  and  B  together. 

12.  Three  men,  A,  B,  and  C,  bought  a  mill  for 
$16000.  A  paid  twice  as  much  as  B,  and  C  paid  5 
times  as  much  as  B.      How  much  did  each  pay  ? 

13.  A  school  enrolls  240  pupils,  and  twice  the  num- 
ber of  boys  equals  the  number  of  girls.  How  many  of 
each  sex  are  enrolled  ? 

14.  A  man  sold  a  horse  and  a  buggy  for  $  180,  and 
received  twice  as  much  for  the  horse  as  for  the  buggy. 
What  was  the  price  of  each  ? 

15.  A  farmer  who  owned  a  flock  of  sheep  bought 
3  times  as  many  sheep  as  he  owned,  and  then  had  248 
sheep.      How  many  sheep  did  he  buy? 

16.  A's  age  is  twice  B's,  and  B's  age  is  twice  C's, 
and  the  sum  of  all  their  ages  is  126  years.  What  is 
the  age  of  each  ? 

17.  Divide  a  piece  of  cloth  containing  42  yards  into 
three  pieces,  making  the  second  piece  3  times  the  length 
of  the  first,  and  the  third  piece  one  half  of  the  length 
of  the  other  two  pieces  together. 

18.  An  estate  of  $18000  was  bequeathed  to  a  widow 
and  two  sons.  The  sons  received  equal  shares,  and  the 
widow  twice  as  much  as  the  two  sons  together.  How 
much  did  each  receive  ? 

19.  Three  men,  A,  B,  and  C,  formed  a  partnership  in 
business,  with  a  capital  of  $12000.  A  furnished  twice 
as  much  as  B,  and  C  as  much  as  A  and  B  together. 
How  much  capital  did  each  furnish  ? 

20.  In  three  years  a  merchant  made  a  profit  of  $6300. 
The  profit  the  second  year  was  twice  the  profit  of  the 
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first  year,  and  the  profit  the  third  year  was  twice  that 
of  the  second  year.     What  was  the  profit  each  year  ? 

21.  A  father  and  his  two  sons  earn  $  140  a  month  ; 
the  father  earns  twice  as  much  as  the  elder  son,  and 
the  elder  son  twice  as  much  as  the  younger.  How 
much  does  each  earn  ? 

22.  A  farmer  raised  720  bushels  of  grain,  consisting 
of  wheat,  corn,  and  oats  ;  he  raised  twice  as  much 
wheat  as  corn,  and  3  times  as  much  oats  as  corn.  How 
many  bushels  of  each  grain  did  he  raise  ? 

23.  A  banker  paid  $102  in  ten-dollar,  five-dollar, 
and  two-dollar  bills,  using  the  same  number  of  bills  of 
each  kind.     How  many  bills  of  each  kind  did  he  use  ? 

Let  x  =  number  of  bills  of  each  kind; 

then  10  x  =  value  of  ten-dollar  bills, 

5x  =  value  of  five-dollar  bills, 
2x  =  value  of  two-dollar  bills. 
Hence  lOx  +  ox  +  2x  =  102. 

Adding  terms,  17  x  =  102; 

dividing  both  members  by  17,  x  =  6,  number  of  bills  of  each  kind. 
Verification :         60  +  30  +  12  =  102. 

24.  A  newsboy,  in  counting  his  week's  earnings, 
found  that  he  had  twice  as  many  dimes  as  quarters, 
and  3  times  as  many  nickels  as  dimes,  and  that  he  had 
in  all  $  7.50.  How  many  pieces  of  money  of  each  kind 
had  he  ? 

25.  A  newsboy  has  $4.80  in  quarters,  dimes,  and 
nickels,  and  of  each  an  equal  number.  How  many 
pieces  of  money  has  he  ? 

26.  A  market  woman  has  4  times  as  many  dimes  as 
quarters,  and  twice  as  many  nickels  as  dimes,  and  in 
all  she  has  52  pieces  of  money.  How  many  pieces  of 
each  kind  has  she  ? 

27.  The  difference  between  two  numbers  is  24,  and 
the  greater  number  is  4  times  the  less.  What  are  the 
numbers  ? 
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Let  x  =  the  less  number ; 

then  4  x  =  the  greater  number. 

Hence  4  x  —  x  =  24. 

Combining  terms,  3  x  =  24 ; 

whence  a:  =  |  of  24  =  8,  the  less  number, 

and  4  x  =  4  x  8  =  32,  the  greater  number. 

28.  A  father's  age  is  3  times  the  age  of  his  son,  and 
the  difference  of  their  ages  is  30  years.  What  is  the  age 
of  each  ? 

29.  Divide  a  number  into  two  parts  such  that  their 
difference  is  81,  and  the  greater  part  4  times  the  less. 
What  is  the  number  ? 

30.  A  harness  cost  $  12  more  than  a  saddle,  and  the 
harness  cost  3  times  as  much  as  the  saddle.  What  was 
the  cost  of  each  ? 

31.  A  mother  is  3  times  as  old  as  her  daughter,  and 
the  difference  of  their  ages  is  30  years.  What  is  the 
age  of  each  ? 

32.  Four  times  a  certain  number  is  45  more  than  the 
number.     What  is  the  number? 

33.  A  school  enrolls  180  pupils,  and  there  are  20 
more  girls  than  boys.  How  many  pupils  of  each  sex 
in  the  school? 

Let  x  =  number  of  boys ; 

then  x  +  20  =  number  of  girls. 

Hence  x  +  x  +  20  =  180. 

Combining  terms,  2  x  +  20  =  180 ; 

subtracting  20  from  each  member,  2  x  =  160 ; 

whence  x  =  80,  number  of  boys, 

and  x  +  20  =  80  +  20  =  100,  number  of  girls. 

If  a  number  +  5  =  35,  then  the  number  =  35  —  5,  which  is  30. 
In  like  manner,  if  x  +  5  =  30,  then  x  =  30  —  5  =  25 ;  and  if  x  —  5 
r=  25,  then  x  =  25  +  5  =  30.  It  is  thus  seen  that  a  number  may  be 
added  to  or  subtracted  from  both  members  of  an  equation  without  affect' 
ing  their  equality. 

34.  Cut  a  cord  60  feet  long  into  two  pieces  such  that 
one  piece  shall  be  16  feet  longer  than  the  other. 
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35.  A  pole  120  feet  long  fell  and  broke  into  two 
pieces,  one  piece  being  30  feet  longer  than  the  other. 
What  was  the  length  of  each  piece  ? 

36.  A  is  twice  as  old  as  B,  and  B  is  15  years  younger 
than  C,  and  the  sum  of  their  ages  is  95  years.  How 
old  is  each  ? 

37.  Divide  $  140  between  two  men,  giving  one  $  20 
more  than  the  other. 

38.  The  sum  of  two  numbers  is  120,  and  their  differ- 
ence is  20.     What  are  the  numbers  ? 

39.  Divide  $1800  between  two  persons,  giving  to 
one  $  300  more  than  to  the  other. 

40.  Divide  $  125  between  A  and  B  so  that  A  shall 
receive  $  45  more  than  B. 

41.  A  man  bought  a  watch  and  chain  for  $  85,  and 
the  cost  of  the  watch  was  $5  more  than  3  times  the 
cost  of  the  chain.     What  was  the  cost  of  each  ? 

42.  In  a  certain  election  364  votes  were  polled  by 
the  two  parties,  and  one  party  had  48  majority.  How 
many  votes  were  cast  by  each  party  ? 

43.  In  a  certain  village,  containing  345  persons,  there 
are  15  more  women  than  men,  and  twice  as  many  chil- 
dren as  there  are  men  and  women  together.  How 
many  of  each  in  the  village  ? 

44.  Divide  $  1800  among  three  persons,  giving  to  the 
second  $  200  more  than  to  the  first,  and  to  the  third 
$  200  more  than  to  the  second. 

45.  The  sum  of  two  numbers  is  50,  and  the  greater 
is  2  more  than  twice  the  less.     What  are  the  numbers  ? 

46.  A  tree  90  feet  long  was  broken  by  the  wind,  and 
the  part  left  standing  was  20  feet  shorter  than  the  part 
broken  off.     What  was  the  length  of  each  part  ? 

47.  A  and  B  are  partners  in  business,  and  A's  capital 
is  $  500  less  than  twice  B's,  and  their  total  capital  is 
15500.     How  much  capital  has  each  ? 
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48.  Divide  a  line  64  inches  long  into  two  parts  such 
that  the  longer  shall  be  8  inches  less  than  twice  the 
shorter. 

49.  A  school,  enrolling  76  pupils,  is  divided  into  three 
classes.  There  are  twice  as  many  pupils  in  the  second 
class  as  in  the  first,  and  16  more  in  the  third  class  than 
in  the  second.     How  many  pupils  in  each  class  ? 

50.  A  father  is  twice  as  old  as  his  son,  and  the  sum  of 
their  ages  less  12  years  is  60  years.      How  old  is  each  ? 

51.  A  mother  is  3  times  as  old  as  her  daughter 
less  10  years,  and  the  sum  of  their  ages  is  50  years. 
How  old  is  each  ? 

52.  The  sum  of  two  numbers  is  72,  and  the  greater 
is  9  more  than  twice  the  less.     What  are  the  numbers  ? 

53.  A  number  multiplied  by  8  exceeds  25  as  much 
as  25  exceeds  twice  the  original  number.  What  is  the 
number  ? 

54.  A  father's  age  is  now  4  times  his  son's  age; 
but  in  5  years  his  age  will  be  only  3  times  his  son's 
age.     How  old  is  each  ? 

55.  A,  B,  and  C  together  own  75  sheep.  A  has 
twice  as  many  sheep  as  B,  and  C  has  5  sheep  less  than 
A.      How  many  sheep  has  each  ? 

56.  A  man  owns  two  farms  which  together  contain 
200  acres,  and  the  larger  farm  contains  42  acres  more 
than  the  smaller.     How  many  acres  in  each  farm  ? 

57.  Twice  A's  age  is  20  years  more  than  B's  age  and 
10  years  more  than  C's  age,  and  the  sum  of  their  ages 
is  120  years.     What  is  the  age  of  each  ? 

58.  A  man  owns  two  farms  which  together  contain 
180  acres  of  land ;  the  first  farm  contains  30  acres  less 
than  twice  the  second.     How  many  acres  in  each  farm? 

59.  A  and  B  together  have  $180,  and  B  has  $20 
less  than  3  times  A's  money.  How  much  money  has 
each? 

N,  C.  A.— 22. 


338     WHITE'S  NEW  COMPLETE  ARITHMETIC. 

60.  A  lady  bought  18  yards  of  silk  and  15  yards  of 
serge  for  $  38.25,  and  the  silk  cost  twice  as  much  per 
yard  as  the  serge.     What  was  the  cost  of  each  ? 

61.  A  fruit  dealer  sold  several  dozen  oranges  at  25 
cents  a  dozen,  twice  as  many  lemons  at  15  cents  a  dozen, 
and  twice  as  many  pears  as  lemons  at  10  cents  a  dozen; 
and  the  bill  for  all  was  13.80.  How  many  dozen  of 
each  kind  of  fruit  did  he  sell? 

62.  A  man  bought  a  suit  of  clothes  for  $30.  The 
coat  cost  $5  more  than  the  trousers,  and  the  trousers 
twice  as  much  as  the  vest.  What  was  the  cost  of 
each  garment  ? 

63.  A  woman  bought  a  cloak,  dress,  and  bonnet  for 
$35;  the  dress  cost  $8  more  than  the  bonnet,  and  the 
cloak  $4  more  than  the  dress.  What  was  the  cost  of 
each  ? 

64.  A  jeweler  sold  three  watches  for  $100.  He  sold 
the  second  watch  for  $15  more  than  the  first,  and  the 
third  watch  for  $5  less  than  the  second.  How  much 
did  he  receive  for  each  watch  ? 

65.  Two  men  start  at  the  same  time  from  two  places 
which  are  63  miles  apart,  and  travel  toward  each  other, 
one  at  the  rate  of  3  miles  an  hour,  and  the  other  4  miles 
an  hour.  In  how  many  hours  will  they  meet  ?  How 
far  will  each  travel  ? 

Suggestion.  —  Let  x  =  the  number  of  hours. 

66.  Two  railroad  trains  start  from  two  cities  495 
miles  apart,  and  run  toward  each  other  on  the  same 
track,  one  running  30  miles  an  hour  and  the  other  25 
miles  an  hour.     In  how  many  hours  will  they  meet  ? 

67.  A  train  of  cars  running  25  miles  an  hour  is  fol- 
lowed by  another  train  running  30  miles  an  hour.  If 
the  first  train  has  3  hours  the  start,  in  how  many  hours 
will  the  second  overtake  it  ? 


APPENDIX. 


EQUATIONS   CONTAINING  FRACTIONS. 

Art.  383.  Since  both  members  of  an  equation  can 
be  multiplied  by  the  same  number  without  affecting 
their  equality  (Art.  379),  it  is  seen  that  an  equation 
may  be  cleared  of  fractions  by  multiplying  both  members 
by  the  L.C.M.  of  the  denominators. 

1.    Solve  the  equation  J x  +  \x  —  17. 

Multiplying  both  members  by  12  (L.  C.  M.),  8a;  +  9x  =  204; 
adding  terms,  17  x  =  204 ; 

dividing  both  members  by  17,  x  =  12. 

Verification :  8  +  9  =  17. 

Solve  and  verify  the  following  equations : 


2. 

!*  +  !*  =  21. 

13. 

J^  +  J^  +  i^  —  5  =  8. 

3. 

\x  —  \x  =  2. 

14. 

*  +  Jaj  +  faj— 6  =  12. 

4. 
5. 
6. 

2x  -\x  =  14. 

8  =  ^  +  1*. 

90  =  2z+ *z. 

15. 
16. 

lx-\x  +  \x  +  b  =  l§. 
x  —  \x  —  jfX  =  5. 

?  +  ?_i£+6  =  10. 

6      5      10 

7. 

$x  —  \x=  f.  Ans. 

1A- 

17. 

8. 
9. 

~  +  --2  =  5. 
2     5 

x  -\-\x  —  \x  =  14. 

18. 

*+ 2 ( z-2      01 
3      '      4            2* 

10. 

11. 

2#  -fa;  +  5  =15. 

x  —\x  —  \x  =  15. 

19. 

a;  4  2      a;      5      -,  t 
™      4      6~ 3* 

12. 

2#  —  J  2;  —  ja;  =  7 

20. 

3(^-2)-fa;  =  71. 

1 

PROBLEMS. 

1.    Divide  58  into  three  parts,  such  that  the  second 
part  is  I  of  the  first,  and  the  third  |  of  the  first. 

Let  x  =  first  part; 

then  f  x  =  second  part, 

and  I  x  =  third  part. 

Hence  s  +  fx  +  fx  =  58. 
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Multiplying  by  12  (L.  C.  M.),  12s  +  8;c  +  9z=  696  ; 

adding  terms,  29  a:  =  696  ; 

dividing  by  29,  r  —  24,  first  part, 

|  x  =  16,  second  part, 
far  —  18,  third  part. 
Verification :  24  +  16  +  18  =  58. 

2.  Divide  48  into  two  parts,  such  that  §  of  the  first 
part  is  equal  to  §  of  the  second. 

3.  Divide  36  into  three  parts,  such  that  the  second 
part  is  |  of  the  first,  and  the  third  J  of  the  second. 

4.  The  difference  between  |  and  J  of  a  number  is 
12.     What  is  the  number  ? 

5.  If  to  a  man's  age  its  half,  its  third,  and  28  years 
be  added,  the  sum  will  be  3  times  his  age.  What  is 
his  age  ? 

6.  A  boy  being  asked  his  age,  replied  that  §  of  his 
age  was  4  more  than  |  of  his  age.     What  was  his  age? 

7.  A  boy  gave  §  of  his  money  for  a  knife,  and  ^  of 
it  for  a  slate,  and  then  had  left  7  cents.  How  much 
money  had  he  at  first  ? 

8.  A  farmer  sold  §  of  his  sheep  to  A,  and  J  of  the 
remainder  to  B,  and  then  had  30  sheep.  How  many 
sheep  had  he  at  first  ? 

9.  A  farmer  sold  §  of  his  sheep,  then  bought  \  as 
many  sheep  as  he  had  left,  and  then  had  48  sheep. 
How  many  sheep  had  he  at  first? 

10.  A  piece  of  flannel  lost  f  of  its  length  in  fulling 
by  shrinkage,  and  then  measured  36  yards.  What  was 
the  length  of  the  piece  before  fulling  ? 

11.  A  horse  and  a  cow  cost  $  90,  and  f  of  the  cost  of 
the  horse  was  3  times  the  cost  of  the  cow.  What  was 
the  cost  of  each  ? 

12.  The  perimeter  of  a  rectangular  field  is  80  rods, 
and  the  width  of  the  field  is  J  of  its  length.  What  are 
the  dimensions  of  the  field  ? 
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13.  A  man  walked  ^  of  his  journey  the  first  day,  -| 
of  it  the  second  day,  and  20  miles  the  third  day.  How 
many  miles  in  the  journey  ? 

14.  A  man  bought  a  horse  and  carriage  for  1250, 
and  ^  the  cost  of  the  carriage  was  $  25  more  than  i  of 
the  cost  of  the  horse.     What  was  the  cost  of  each  ? 

15.  Divide  8240  among  three  persons,  giving  to  the 
first  |  as  much  as  to  the  second,  and  to  the  third  -|-  as 
much  as  to  the  first  and  second  together. 

16.  A's  age  is  f  of  B's  age,  and  15  years  ago  A's  age 
was  |  of  B's  age.     What  is  the  age  of  each? 

17.  At  the  time  of  their  marriage  12  years  ago,  a 
wife's  age  was  §  of  her  husband's  age,  but  now  her  age 
is  f  of  her  husband's  age.     How  old  is  each  ? 

18.  The  sum  of  the  ages  of  A,  B,  and  C  is  65  years,  and 
A's  age  is  §  of  B's,  and  B's  is  |  of  C's.  What  is  the 
age  of  each? 

19.  A  and  B  together  own  144  acres  of  land,  and  A 
owns  1|  times  as  many  acres  as  B.  How  many  acres 
has  each  ? 

20.  The  sum  of  two  numbers  is  70,  and  J-  of  the 
greater  is  J  of  the  less.     Find  the  numbers. 

21.  The  difference  of  two  numbers  is  15,  and  \  of 
the  greater  is  §  of  the  less.     Find  the  numbers. 

22.  The  sum  of  |>  J,  and  ^  of  a  number  is  5  less 
than  the  number.      What  is  the  number? 

23.  A  man  bought  a  watch  and  chain  for  $75,  and  J 
the  cost  of  the  watch  was  3  times  the  cost  of  the  chain. 
What  was  the  cost  of  each? 

24.  A  man  spends  \  of  his  yearly  income  for  house 
rent,  \  of  the  remainder  for  provisions,  and  J  of  what 
then  remains  for  other  expenses,  and  lays  up  1 20. 
What  is  his  yearly  income? 

25.  A,  B,  and  C  entered  into  a  business  partnership 
with  a  capital  of  17200.     A  furnished  J  as  much  capi- 
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tal  as  B,  and  C  furnished  |  as  much  as  A  and  B  to- 
gether.    How  much  capital  did  each  furnish  ? 

26.  A  man  left  \  of  his  estate  to  his  wife,  J  of  it  to 
his  son,  and  the  remainder,  which  was  $1500,  to  an 
invalid  sister.  How  much  did  each  receive?  What 
was  the  value  of  the  estate  ? 

27.  A  man  owns  three  farms  which  together  contain 
151  acres.  The  first  farm  contains  21  acres  more  than 
the  second,  and  the  second  contains  §  as  many  acres  as 
the  third.     How  many  acres  in  each  farm  ? 

28.  A  farmer  sold  J  of  his  wheat  to  A  and  \  of  the 
wheat  remaining  to  B,  and  then  had  80  bushels.  How 
many  bushels  of  wheat  had  he  at  first  ? 

29.  A  flag  pole  130  feet  high  was  broken  by  the 
wind,  and  |  of  the  part  broken  off  was  equal  to  |  of  the 
part  left  standing.     What  was  the  length  of  each  part  ? 

30.  A  sold  a  horse  for  \  more  than  it  cost  him,  and 
the  buyer  sold  it  for  $80,  losing  \  of  what  it  cost 
him.     How  much  did  A  pay  for  the  horse? 

31.  Divide  a  sum  of  money  among  three  persons, 
giving  the  first  $10  more  than  i  of  it,  the  second  $15 
more  than  \  of  it,  and  the  third  the  $  10  which  remains. 
What  is  the  sum  of  money  divided? 

32.  Find  two  consecutive  numbers  such  that  \  of 
the  greater  is  3  more  than  I  of  the  less. 

Suggestion.  —  Let  x  =  the  less  number ;  then  x  + 1  =  the  greater. 

33.  A,  B,  and  C  together  have  a  certain  sum  of 
money  ;  A  has  |  of  it  less  $  5,  B  1  of  it  plus  $  5,  and  C 
has  $  25.     How  much  money  have  A  and  B  ? 

34.  The  difference  of  two  numbers  is  20,  and  J  of  one 
number  plus  15  is  §  of  the  other  number.  Find  the 
numbers. 

35.  A,  B,  and  C  together  have  340  shares  of  stock  ; 
J  of  A's  number  of  shares  is  equal  to  B's,  and  J  of  B's 
is  equal  to  C's.     How  many  shares  of  stock  has  each  ? 
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36.  Ten  years  ago  a  son's  age  was  -J-  of  his  father's 
age,  but  now  his  age  is  -|  of  his  father's  age.  What  is 
the  age  of  each? 

37.  A  man,  being  asked  his  age,  replied  that  §  of  his 
age  10  years  ago  is  -|  of  his  age  10  years  hence.  What 
was  his  age  ? 

38.  A  fruit  dealer  sold  a  certain  number  of  bushels 
of  apples  at  75  cents  a  bushel ;  -|  as  many  bushels  cl 
peaches  at  $1.20  a  bushel;  and  f  as  many  bushels  of 
pears  at  80  cents  a  bushel ;  and  received  for  all  $42.75. 
How  many  bushels  of  each  did  he  sell  ? 

39.  Three  bins  hold  together  117  bushels  of  wheat; 
the  second  bin  holds  -J  more  bushels  than  the  first,  and 
the  third  J  as  many  bushels  as  the  second.  How  many 
bushels  does  each  bin  hold  ? 

40.  A  woman  bought  a  dollar's  worth  of  postage 
stamps.  She  bought  -|-  as  many  five-cent  stamps  as 
two-cent  stamps,  and  as  many  one-cent  stamps  as  five- 
cent  stamps.  How  many  stamps  of  each  kind  did  she 
buy? 

41.  A  can  do  a  piece  of  work  in  4  days  and  B  in 
5  days.  In  how  many  days  can  both  together  do  the 
work? 

Let  x  =  number  of  days  in  which  both  together  can  do  the  work  ; 
then     -  =  part  of  work  both  can  do  in  one  day, 

-  =  part  of  work  A  can  do  in  one  day, 

-  =  part  of  work  B  can  do  in  one  day. 

Hence  _  +  _—-. 

4      o      x 

Clearing  of  fractions,  5  x  +  4  x  —  20 ; 
adding  terms,  9  x  —  20 ; 

dividing  by  9,  x  =  2f . 

Hence  A  and  B  together  can  do  the  work  in  2f  days. 
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42.  A  can  cut  a  field  of  oats  in  6  days  and  B  in  8 
days.     In  how  many  days  can  both  together  cut  it  ? 

43.  A  man  can  dig  a  ditch  in  5  days  and  his  son 
can  dig  it  in  10  days.  In  how  many  days  can  both 
together  dig  it  ? 

44.  A  can  do  a  piece  of  work  in  4  days,  B  in  6  days, 
and  C  in  8  days.  In  how  many  days  can  all  together 
doit? 

45.  A  can  build  a  wall  in  9  days,  B  in  6  days,  and 
C  in  12  days.  In  how  many  days  can  all  together 
build  it  ? 

46.  A  can  cut  an  acre  of  wheat  in  8  hours  and  B  in 
12  hours.  In  how  many 'hours  can  both  together  cut 
an  acre  ? 

47.  A  can  build  a  house  in  20  days,  and  A  and  B 
working  together,  can  build  it  in  12  days.  In  how 
many  days  can  B  alone  build  the  house? 


Let  x  =  number  of  days  in  which  B  can  build  it; 

art  B  can  d 
1        1       1 


then  -  =  part  B  can  do  in  one  day 

x 


Hence 

12     20     x 

Clearing  of  fractions,     5  x  —  3  a;  =  60; 

combining  terms,  2  a;  =  60; 

whence  x  —  30,  number  of  days  in  which  B  can  build  it. 

48.  A  and  B,  working  together,  can  build  a  wall  in 
8  days,  and  B  alone  can  build  it  in  10  days.  In  how 
many  days  can  A  build  it  ? 

49.  A  man  can  do  a  piece  of  work  in  9  days,  and 
with  his  son's  assistance  he  can  do  it  in  6  days.  In 
how  many  days  can  the  son  do  the  work  ? 

50  A  and  B  together  can  dig  a  ditch  in  12  clays, 
ana  B  alone  in  20  days.  If  B  stops  work  when  one 
half  of  the  ditch  is  dug,  how  long  will  it  take  A  to 
complete  the  work  ? 
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51.  If  15  men  can  do  a  piece  of  work  in  12  days,  how 
many  men  can  do  the  same  work  in  9  days  ?    In  6  days  ? 

52.  If  12  men  can  dig  a  ditch  in  20  days,  how  long 
will  it  take  to  dig  the  ditch  if  3  men  more  are  employed? 

53.  A  can  mow  an  acre  of  grass  in  |  of  a  day,  and 
B  in  |  of  a  day :  liow  long  will  it  take  both  together 
to  mow  9  acres? 

ADDITION. 

Art.  384.  A  number  preceded  by  the  sign  +  is  posi- 
tive, and  a  number  preceded  by  the  sign  —  is  negative. 
Thus,  +3  or  +  a  is  positive,  and  —  3  or  —  a  is 
negative. 

When  no  sign  is  written  before  a  number,  the  sign  +  is  under- 
stood.    Thus,  3  a  is  equivalent  to  -f  3  a. 

Art.  385.  Two  or  more  algebraic  numbers  are  like 
when  their  literal  parts  are  the  same.  Thus,  2  ab  and 
5  ab  are  like  numbers  ;  also  4  a2b  and  —  5  a2b. 

Like  numbers  have  the  same  letters  and  each  letter 
the  same  exponent.  2  a2b2  and  3  ab  are  not  like  num- 
bers.    Like  numbers  are  also  called  similar. 

TO    ADD    LIKE    NUMBERS    WITH    THE    SAME    SIGN. 

Art.  386.     The  sum  of  3  a,  5  a,  and  9  a  is  11  a,  and 
the  sum  of  —3a,  —5 a,  and  —9a  is  —17a. 
Add: 

1.  5ae,  6ae,  ac.  5.    x2y,  7  x2y,  5x2y. 

2.  -3  6c,  -2  be,  -4  5tf.    6.    -  4  a2y,  -  3  a2y,  -  a2y. 

3.  12 abc,  babe,  abc.  7.    -3a;2,   -2x2,  -5a?. 
4.-3  ax,  —  ax,  —  5  ax.    8.    ax,  2  ax,  ax,  7  ax. 

The  sum  of  like  numbers  with  the  same  sign  is  found 
by  adding  the  coefficients,  annexing  the  literal  part  to  their 
sum,  and  prefixing  the  common  sign. 
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TO    ADD    LIKE    NUMBERS    WITH    UNLIKE    SIGNS. 

Art.  387.     9.    What  is  the  sum  of  5  ax,  —  3  ax,  6  ax, 

—  4  ax,  and  ax  ? 

The  sum  of  5  ax,  6  ax,  and  ax  is  12  ax ;  the  sum  of  —  3  ax  and 

—  4  ax  is  —7  ax;  12  ax  —  lax  is  5  ax,  the  sum.     If  preferred,  the 
numbers  may  be  written  in  a  column  before  adding. 

Acid: 

10.  7  ab,  -2  ah,   -bah,  6  ab,  3  ab. 

11.  —  ac,  —  3  «<?,  5  ac,   —  6  ac,  7  ae,  4  ac. 

12.  5  a#,   —  4  ax,  6  ax,   —  3  a#,   —  9  ax. 

13.  3  z?/,  5  o^,  -  z?/,   -  7  xy,   -  4  zy. 

14.  —  4  #2y,  —  6  x2y,  x2y,  7  a%,   —  3  x2y. 

Like  numbers  with  unlike  signs  are  added  by  adding 
the  positive  numbers  and  the  negative  numbers  and  pre- 
fixing to  the  arithmetical  difference  of  their  sums  the  sign 
of  the  greater. 

TO    ADD    UNLIKE    NUMBERS. 

Art.  388.  In  arithmetic  the  expression  5  +  7  indi- 
cates that  the  two  numbers  are  to  be  added,  and  the 
result  (12)  is  their  sum  ;  but  in  algebra  the  expression 
a  +  b  indicates  not  only  that  a  and  b  are  to  be  added 
but  also  their  sum. 

Thus,  the  sum  of  a  and  c  is  a  -f  c;  the  sum  of  a  and  —  c  is 
a  —  c ;  the  sum  of  a,  b,  and  —  c  is  a  +  b  —  c;  and  the  sum  3 a,  a, 
and  —  c  is  4  a  —  c. 

What  is  the  sum  of 

15.  a,  b,  c,  d?  18.  12x2y,  5x*y,   -  x2y? 

16.  a,  -b,  c?  19.  5a2b,    -10  ab,    -Sa2b? 

17.  3a,  la,  -b,  -2c?  20.  2  a2,  5  ab,  -a2,   -b2? 

21.  ba2b,  -Sab2,  6  ab2,  -Sa2b,  2a2b? 

22.  7  x2y2,  —  6  xy,  3  xy,   —  4  x2y2,   — .  V2  ? 

23.  Sa2bc,  -Sc,  3  b,  -2a2bc,   3  c? 
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TO    ADD    POLYNOMIALS. 

Art.  389.  An  algebraic  expression  whose  parts  are 
not  separated  by  the  sign  +  or  —  is  called  a  term. 
Thus,  Sa2bc  is  a  term.  An  algebraic  expression  that 
consists  of  only  one  term,  as  Babe,  is  a  monomial:  of 
two  terms,  as  ab  4-  c,  a  binomial;  of  three  terms,  as 
a2+ab  +  b2,  a  trinomial;  and  of  two  or  more  terms, 
as  a2  +  b2,  or  a2  —  be  +  62  —  <?,  a  polynomial. 

24.  Add   the   polynomials,    5  a  4-  6,    12  a  —  10  5,    3  5 

—  10  a  —  5  c,  and  a  —  5  &  4-  7  c. 

PROCESS. 

Write  the  like  terms  in  columns,  as 
12  a  —  10  6  at  tjie  leftj  and  then  add  as  in  Art  387 

—  10  a  4-     3b  —  5  e     The    terms    of    a    polynomial    may    be 

a  _     5  o  _f_  7  c     arranged  in  any  order. 

25.  Add  18ab  +  9bc-15ac,  IS  ac -V2  ab -1  be 
8  ab  4- 14  be  —  5  ac,    3  a5  —  12  ac  —  11  6c. 

26.  lab-ob  +  6c,  6  6  -  5  ab  -  3  c,  4  ab  -  12  c  +  3  b. 

27.  9  arc2  —  6  a#  4-  5  a2x,  1  ax  —  15  ax2  —  15  a2x,  10  a2z 
4-  8  ax2  —  16  a#. 

28.  Reduce  to  simplest  form  4  ax  4-  2  62  —  3  ac  4-  5  62 

—  10  a#  4-  5  ac  —  2  arr  —  6  62  4-  12  ax  —  ac. 

To  Teachers.  —  Give  pupils  additional  exercises  when  these 
may  be  needed  to  secure  desired  accuracy  and  skill. 

SUBTRACTION. 

Art.  390.  The  difference  of  two  given  numbers  is 
found  by  subtracting  the  second  from  the  first,  the 
number  first  given  being  the  minuend. 

1.    From  7  a  take  4  a  and  from  7  a2b  take  4  a2b. 
7  a  -  4  a  =  3  a ;  and  7  a%  -  4  a%  =  3  a26. 
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2.    From  7  a  take  —  4  a  and  from  7  a2b  take  —  4  a%. 

7a-(-4a)  =  7a+4a  =  lla; 

7  a%  -  (-4  a?b)  =  7  a2b  +  4  a26  =  11  a26. 

It  is  thus  seen  that  a  positive  monomial  is  subtracted 
by  changing  its  sign  to  — ,  and  a  negative  monomial  by 
changing  its  sign  to  -4-,  and  then  combining  the  result- 
ing numbers  as  in  addition. 

The  difference  of  a  positive  number  and  a  negative  number  is 
their  arithmetical  sum.  This  may  be  illustrated  by  the  teacher  by 
assuming  that  in  distance  +  means  to  the  right  and  —  to  the  left. 


1 — 1 — 1 — 1 — 1 — I — 1 — I     1      I      I      I      1 — i      I 

-7  -4  +4  +7 

+  7-(+4)  =  3;    +7-(-4)=ll. 

3.  From  a  take  b ;    from  a  take  —  b. 

4.  From  2  a  take  5 ;    from  3  a  take  —  4. 

5.  From  —  8  a  take  3  a  ;    from  8  a  take  —  3  a. 

6.  From  7  ax  take  —  5  ax ;  from  —  7  ax  take  —  5  ax. 

7.  From  12>xy  take  —  5xy;  from  —  10#?/  take  Qxy. 

8.  From  —12x2y  take  Sx2y;  from  6#2z/  take  —4x2y. 

A  monomial  may  be  subtracted  fo/  changing  its  sign 
and  then  proceeding  as  in  addition. 

TO    SUBTRACT    POLYNOMIALS. 

Art.  391.     9.    From  7  a  take  3  a  +  b. 

7a-(3a  +  b)  =  7a-3a-b-4a-b. 

Since  the  sum  of  3  a  and  b  is  to  be  taken  from  7  a,  both  3  a  and 
6  must  be  subtracted. 

10.    From  7  a  take  3  a  —  b. 

7a-(3a-b)  =  7a-3a  +  b=4a  +  b. 

Since  only  the  difference  of  3  a  and  b  is  to  be  taken  from  7  a,  if 
3  a  be  first  subtracted  the  result  will  be  too  small  by  b,  and  so  I 
must  be  added  to  the  result. 
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11.  From  lax  —  Sb2x  take  5  ax  -  2b2x  +  2  c. 

Write   the   like   terms   in    the    same 
(  ax  —  6  0  x  column.     Change  mentally  the  signs  of 

5  ax  —  2  b2x  +  2  c      5  ax,  -2  b-x,  and  2  c,  and  proceed  as  in 
2  ax  -  b2x  -  %c         addition. 

12.  From  10a-5b  +  Sc  take  8a-2b  +  oc. 

13.  From  15  a2  -  7  ab  take  JLO  a2  +  3  ab  -  4  c. 

14.  From  a;2  -f-  3  a%  —  ?/2  take  y2  -\-2  x2y  —  a?2. 

15.  From  a  —  6  +  c  take  a  —  5  +  c  —  c?. 

16.  From  9  x2  —  5  a; y  +  4  take  2  #y  —  5  a^  -f-  6. 

17.  From  a  +  b  take  a  —  b,  and  prove  by  addition. 

18.  From  ba2b  —  3  be2  take  2a2b  —  2bc*,  and  prove 
by  addition. 

19.  From  the  sum  x2  +  2xy  +  y2  and  x2  —  y2  take 
z2  —  2  a:?/  +  y2- 

20.  From  the  sum  of  3  ax2  +  5bx  and  —  5  aa^  —  4  5a 
take  «a:2  —  5a\ 

A  polynomial  is  subtracted  by  changing  the  signs  of 
the  terms  of  the  subtrahend,  and  then  proceeding  as  in 
addition. 

PARENTHESES. 

Art.  392.  When  a  number  included  in  a  parenthesis 
is  preceded  by  the  sign  +  ,  the  parenthesis  may  be  re- 
moved without  changing  the  signs  of  the  terms  within 
it.     Thus,  3tf  +  (4tf-6)=3a  +  4a-&. 

But  when  a  number  included  in  a  parenthesis  is  pre- 
ceded by  the  sign  — ,  the  signs  of  the  terms  within  the 
parenthesis  must  be  changed  (+  to  — ,  and  —  to  +)  if 
the  parenthesis  be  removed.  Thus,  6  a  —  (4  a  —  5) 
=  6a  —  4a  +  5. 

The  sign  of  4  a  in  the  parenthesis  is  +,  and  the  polynomial  is 
the  same  as  6  a  —  (  +  4  a  —  6). 
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Remove  the  parenthesis  in  each  of  the  following 
polynomials  and  reduce  the  resulting  polynomial  to  its 
simplest  form  : 


21. 

5  a; +  (3  a? -4). 

25. 

2z-(l-3z). 

22. 

4x  +  (3  -2a;). 

26. 

a;  +  5  -s-  (x  —  5) . 

23. 

3fl-(a  +  3). 

27. 

4^_i_(3^-f) 

24. 

5  a  -(2  a  -3). 

28. 

ab  +  c  —  (ab  +  2c) 

29.    x2  + 

2xv 

-(z2- 

-2xy  +  y2). 

30.     a2-P-(a2-ab-lP). 

Find  the  value  of  a:  in  the  following  equations: 

81.    5a;-(3a;-2)=18.  36.  2s-(4-  2a;)  =  80. 

32.  7tf-(5-f3a:)=15.  37.  6  x- (x  +  6)=  44. 

33.  9rr+(6-4a;)  =  26.  38.  7  ar -(3  a?.-  4)=  32. 

34.  7a:-(3o;  +  12)=28.  39.  -  5x  x  (-  f)=  21. 
a* 
4 


,    £_6~  3a:=18.  40.    3a;-^-±^  = 


Art.  393.     The  terms  of  a  polynomial  which  fol 
low  the  sign  -f  may  be  enclosed  in  a  parenthesis  with- 
out changing  the  signs  of  the  enclosed  terms.     Thus, 
a  +  b  —  c  +  d  may  be  changed  to  a  +  (b  —  c  +  £?). 

The  terms  of  a  polynomial  which  follow  the  sign  — 
may  be  enclosed  in  a  parenthesis  if  the  sign  of  each 
enclosed  term  be  changed.  Thus,  a  —  b  +  c  —  d  may 
be  changed  to  a  —  (b  —  c  +  d). 

41.  Put  the  last  three  terms  in  5  a2  —  2  b2  —  3  ab  -f-  ft 
in  a  parenthesis. 

42.  Put  the  second  and  third  terms  in  x2  —  2xy  +  y2—5 
in  a  parenthesis. 

43.  Put  the  last  three  terms  in  ab  —  a2  +  2  ab  —  b2  in 
a  parenthesis. 

44.  Put  the  last  two  terms  in  a3  —  3  a2b  —  3  ab2  -f  b* 
in  parenthesis. 
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MULTIPLICA  TIOK 


Art.  394.  A  number  written  at  the  right  and  above 
another  number,  as  the  4  in  1\  is  called  an  exponent. 
It  shows  how  many  times  the  number  is  taken  as  a 
factor.     Thus,  53  =  5  x  5  x  o,  and  a3  =  a  x  a  x  a. 

When  an  exponent  is  a  figure,  as  in  a5,  it  is  called  a 
numerical  exponent,  and  when  it  is  a  letter,  as  in  am,  it 
is  called  a  literal  exponent.  When  a  number  has  nc 
exponent  expressed,  the  exponent  1  is  understood. 
Thus,  6  =  61  and  x  =  x1. 

Art.   895.     The  exponent  of  any  letter  in  a  product 
is  equal  to  the  sum  of  its  exponents  in  the  factors.     Thus, 
fl3x^2=a3+2=#5,  and  am  x  an  =  am+n.     Hence,  the  prod 
uct  of  5  a2b2e  and  a^bc2  is  5  abbzcz. 

Multiply : 

1.  3  tf25z2  by  5  a2J*a?.  4.    7  a^c2  by  a£%. 

2.  ^txzy2z  by  6a;?/323.  5.    3a52a^  by  5azbx2. 

3.  6  a2a%  by  3  axy2.  6.    10  a%2x  by  7  a&V. 

Art.  398.  a  xb  or  -ax(-J)=  +  aJ,  and  —  a  xb 
orax(-J)=-  #5.  It  is  thus  seen  that  when  two  fac- 
tors have  like  signs,  their  product  is  positive,  and  when 
two  factors  have  unlike  signs,  their  product  is  negative  ; 
or,  briefly  stated,  in  multiplication  like  signs  give  +  and 
unlike  signs  —. 

7.  What  is  the  product  of  -3x4?  5  x  (-  3)? 
Jx(-10)?  -Jx(-5)?  -axb?  -ax(-&)? 
ax(-i)?     aJx(-fl)?     -aJx(-J)?. 

Multiply  : 
8.    -  2  a2fo  by  -  6  a&2z2.      12.    -  3  x2y  by  -  4  rr?/2. 
9.-4  rt£V  by  3  a2fo.  13.    -  4  a2fo2  by  \  a%2x. 

10.  9  axsy2  by  —  4a3fo.  14.    -|a3^2^3  by  —8ax2y2. 

11.  —  7  «52<?  by  —  5  a2bc2.      15.    —  6  a#y3  by  —  J  a2#2y. 
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The  product  of  two  or  more  monomials  is  found  5# 
multiplying  together  the  coefficients,  prefixing  the  proper 
sign,  and  then  annexing  all  the  letters  each  ivith  an 
exponent  equal  to  the  sum  of  its  exponents  in  the  several 
factors. 

Art.  397.  A  polynomial  may  be  multiplied  by  a 
monomial  by  multip>lyi7ig  each  term  of  the  polynomial  by 
the  monomial. 

16.  Multiply  3  a2—  Dab  +  asc  by   —  4ac. 

PROCESS. 

3  a2  -  5  ab  +  azc  Multiply  each  term  of  the  mul- 

—  4  ac  tiplicand  by  —  4  ac. 

-  12  a*c  +  20  a2bc  -  4  ate2 

Multiply : 

17.  a2  -  2  ab  +  b2  by   -  4  ab. 

18.  3  rr3  —  2  x2y  -f-  5  xy2  +  yz  by  4  rrz/2. 

19.  12?/2-4:z?/  +  2z2  +  :c3  by   -3a%. 

20.  3 #  +  15 x2y2  —  6 y3  by  —  \xy\  by  —  a2?/2. 

21.  a2  -  2  ab  +  62  by   -  3  a2b  ;  by   -  2  a&2. 

22.  8  z2^  —  12  #z/2  —  4  yz  by   —  J  a;^2  ;   by  -|  a;2?/. 

23.  ^-2^+5a;-4  by  2a;//;  by   -  5  x2y2. 

24.  3  x2  +  xy  -  6  by  -  3  ?/2 ;  by   -  4  x2y2. 

25.  4  i/2  —  4  xy  -f-  2  #2  by  —5xy2;  hy  \xy2. 

Art.  398.  When  the  multiplier  in  arithmetic  con- 
tains two  or  more  orders,  as  45,  the  product  is  found  by 
multiplying  the  multiplicand  successively  by  the  num- 
ber denoted  by  each  figure  in  the  multiplier,  and  then 
adding  the  partial  products. 

In  like  manner  in  algebra  when  the  multiplier  is  a 
polynomial,  the  product  is  found  by  multiplying  the 
multiplicand  by  each  term  of  the  multiplier  and  adding 
the  partial  products,  as  shown  below. 
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26.  Multiply  a2  -  2  ab  +  b2  by  a- 2  b. 

peocess.  Write  the  factors  as  at  the  left. 

a2  _  2  ab  +  b2  Multiply   by  a    and   then   by  -2  b, 

~  ,  and  add  the  two  products. 

The   terms    of    each    polynomial 

a5  —  2  a2b  +  ab2  should  be  arranged  according  to  the 

—  2  a2b  +  4  ab2  —  2  53  ascending  or  descending  powers  of 

the  same  letter.     In  multiplying  ob- 

a3  —  4  a2b  +  5  «52  —  2  63  serve  carefully  the  signs. 

Multiply ; 

27.  a2-2aS  +  62  by  a-b;  by  a2  -  62. 

28.  z3  -  3  x2  +  5  by  a*  -  a;2  -  3. 

29.  Za2-\ab  +  2b2  by  a2-2ab. 

30.  x2  —  2  xy  +  y2  by  #2  +  2 av?/  +  y2. 

31.  s8-  4  x2  +  11  a:  -  24  by  x2  +  4  a;  +  5. 

32.  3z  +  a;2  +  9  by  9-3z  +  a;2. 

Arrange  the  terms,  thus  :  x2  +  3  x  +  9  by  a:2  —  3  x  +  9. 

33.  10  +  Xs  +  2  a;  +  6  a;2  by  z3  -  6  ar2  +  2. 

34.  a;3  -  4  a:2  +  11  x  -  24  by  a*  -  a;. 

35.  l  +  z  +  z2  by  1-a:2. 

36.  x  +  y  +  1  by  x  —  y  —  1. 

37.  x3  —  3  a%  +  3  a;?/2  —  ?/3  by  x  —  y. 

DIVISION. 

Art.  399.  Division  is  the  inverse  of  multiplication. 
In  multiplication  two  factors  are  given  to  find  their 
product ;  in  division  a  product  and  one  of  its  factors 
are  given  to  find  the  other  factor. 

Art.  400.  In  multiplying  monomials  "  like  signs 
give  +  and  unlike  signs  give  —  "  (Art.  396),  and  the 
same  law  is  true  in  the  division  of  one  monomial  by 
another.  Thus,  ab  -j-  b  =  a  and  —  ab  -h  (  —  6)  =  a  \ 
ab  -r-  (—  5)  =  —  a  and   —  ab  -r-  b  =  —  a. 

N.C.A.— 23 
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1.  What  is  the  quotient  of  12  -s-(-  3)?  -  15  -=-  5? 
-21-*-(-7)?  ab  +  a?  -ab-i-a?  -a£ -=-(-«)? 
_  a20  ^_(_  ab)  ?     -6x2y2  +  3x2y? 

In  multiplying  monomials  the  product  of  the  coeffi- 
cients is  the  coefficient  of  the  product,  and  hence  in 
dividing  one  monomial  by  another,  the  coefficient  of  the 
dividend  is  divided  by  the  coefficient  of  the  divisor. 
Thus,  12  a  -j-  3  a  =  4. 

In  multiplying  monomials  the  exponents  of  each 
letter  are  added  (Art.  395),  and  hence  in  dividing  one 
monomial  by  another  the  exponent  of  each  letter  in  the 
divisor  is  subtracted  from  the  exponent  of  the  same  letter 
in  the  dividend.     Thus, 

12  a5b*  -h  3  a%2  =  4  a5"3^"2  =  4  a2b. 

2.  Divide   21  ah?  by   -  7  a2x. 


21  a^  o    o 

PROCESS  : — —  =  —  O  a^X, 

—  7  alx 


Divide 


3.  -  28  x5yB  by  4  x*y. 

4.  WaWc2   by  -  7  aW. 

5.  -36  6W  by  12  6W. 

6.  -63  a2a%3   by   -9x2y*. 

7.  24^^   by   -12a4fo?. 

8.  —  56  x7y5z   by   —  8  xPyH. 

9.  lba?x*y2   by   -25a2x2y2. 

10.  —  48  a%322   by   —  8  x2y2z  ;  by  6  2%2z. 

11.  -81a3m%3   by   -9a%¥;  by  27  azmn> 

12.  -42a42%3   by   -l\a2x*y2\  by  1  ax2y2. 

13.  56  a*bW  by   -  7  a^3  ;  by  8  afo. 

14.  -  63  mhfofi  by  -  9  m^i2^ ;  by  21  m*nafl. 

15.  -  120  a464z4  by  30  aWx2  ;  by   -  15  a%V. 
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Art.  401.  A  polynomial  is  divided  by  a  monomial 
by  dividing  successively  each  term  of  the  polynomial  by 
the  monomial. 

16.  Divide  8  x2y  -  16  T>y2  -  4  z4  by  4z2. 

Sx2y-16x*y2-±x±  ^2 

PROCESS :        

2  y  —    4  x^y2  —     x2,  quotient. 

17.  12  ^4  _  8  a27?y2  +  4  a±x2y*  by  4  «¥. 

18.  25  x2yz  —  20  .rz/%  +  15  xyz2   by   —  5  xyz. 

19.  60  a%*<?  -  48  aW>  -  36  a2b2<?>   by   -42  aW. 

Art.  402.  The  first  step  in  dividing  one  polynomial 
by  another  is  to  arrange  the  terms  of  each  according  to 
the  ascending  or  descending  powers  of  a  common  letter, 
as  shown  below. 


20. 


Divide  4  a2W  +  aQ  -  b6  -  4  a*b2  by  a2  -  b2. 


b2 


3  a2b2  +  64,  quotient. 


Divide : 
21. 
22. 
23. 
24. 
25. 
26. 
27. 
28. 


a6  _  4  ^452  +  4  a2£4  _  56 

aQ-     a*b2 

_  3  ^2  +  4  a2£4 

-  3  a±b2  +  3  a264 

a264  -  b* 
a2W  -  bQ 


xB  +  2  x2y  +  2  .t?/2  +  ys  by  x  +  y. 

9  a2  +  12  a&  +  4  b2  by  3  a  +  2  J. 

z6  +  x*y  -f-  a;4^2  +  #2^4  +  xyh  +  ?/6  by  x2  -\- xy  +  y2. 

1  —  x  —  o  x2  —  xb  by  1  —  3  x  +  2  x2  —  a;3. 

fl6  _  3  ft4J2  +  3  tftf  _  IP    by    ^4  _  2  fl2#2  +  £4. 

Xs  -f-  as  by  #2  —  ax  +  «2. 

14  x*  -  10  x3  -  41  x2  +  25  z  +  15  by  7  a;2  -  5  x-S, 
15^-14^  +  25a;2-6a;-9  by  Sx2-x-l. 
a3  +  3  a2b  +  3  apj  +  63  by  a2  +  2ab  +  62. 
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FACTORING. 

Note.  —  For  definitions  of  prime  number,  composite  numbert 
and  factor,  see  Arts.  59  and  62. 


TO    FACTOR   MONOMIALS. 

Art.  403.  Since  6  =  2x3  and  a2,  =  a  x  a  x  #,  the 
prime  factors  of  6  a3  are  2,  3,  a,  a,  a.  In  like  manner 
any  composite  monomial  may  be  resolved  into  its  prime 
factors  by  factoring  the  coefficient  and  taking  each  letter 
in  the  literal  part  as  many  times  as  there  are  units  in  its 
exponent. 

If  the  monomial  is  negative,  one  factor  is  negative.  Thus,  the 
prime  factors  of  —  6  a3  are  —  2,  3,  a,  a,  a. 

Resolve  into  prime  factors : 

1.  9  a2b2.  4.  15  m?n2.  7.-6  x*y2. 

2.  12  x*y.  5.  18  a%c.  8.    -  14  a2b\ 

3.  I0a%x*.  6.  25  a%2.  9.    -  8  x2yh. 

Art.  404.  Since  (3  a3)2  =  3  a3  x  3  a3  =  9  a3x2  =  9  a6, 
V9a6  =  V9  x  Va6  =  3  x  a^2=3a3. 

The  square  root  of  a  monomial  is  found  by  extracting 
the  square  root  of  the  coefficient  and  dividing  the  exponent 
of  each  letter  by  2. 

The  square  root  of  a  number  is  one  of  its  two  equal 
factors.  V16  a%2  =  4  a2b, 

and  hence  16  a%2  =  4  a2b  x  4  a2b. 

Resolve  into  two  equal  factors : 

10.  9a464.  13.    16  m2n2.  16.    49  a2x*y2. 

11.  25  x*y2.  14.    36  aWc2.  17.    81  A¥. 

12.  64  a¥.  15.    49  a6zy.  18.    36  a2b2x*. 
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TO    FACTOR    BINOMIALS. 

Aktv  405.  Since  (a  +  b)(a  -  6)=  a2-  b2,  the  prod- 
uct of  the  sum  and  the  difference  of  two  numbers  is 
the  difference  of  their  squares. 

Write  the  product  of: 

19.  (x  +  y)(x-y-).  23.  (£x  +  y)(Zx^y). 

20.  (a-c)O  +  <0-  24.  (2#  +  3y)(2a;-3#). 

21.  0  +  2)0-2).  25.  (a  +  2£)(a-2&). 

22.  (2-a;)(2  +  a;).  26.  (aa;- 3  5)(aa:  + 3  5). 

Art.  406.  Since  a2-  62=  (a  +  6) (a  -  6),  the  dif- 
ference of  two  squares  is  equal  to  the  product  of  the 
sum  and  difference  of  their  square  roots. 

A  binomial  expressing  the  difference  of  two  squares 
is  resolved  into  two  factors  by  taking  the  sum  of  the 
roots  of  the  two  squares  for  one  factor  and  the  difference 
of  their  roots  for  the  other  factor. 

Thus,  a*  -  4  y2  =  (x2  +  2  y^)(x2  -  2  y). 

Resolve  into  factors : 

27.  a2-x2.  31.  9x2-±y2. 

28.  z2-4.  32.  \d"-\b2. 

29.  4:-y2.  33.  a V  -  9  b2. 

30.  4  z2  -  y2.  34.  16  a¥  -  9. 

35.  Resolve  3  a%2  —  12  a^2  into  factors. 

N".  B. — Observe  that  3  a  is  a  factor  of  each  term. 

3  a362  -  12  az2  =  3  a(a262  -  4  z2)  =  3  a(a6  +  2  z)(a&  -  2  z). 
The  factors  are  3  a,  ab  +  2  ar,  and  a&  —  2  x. 

36.  Resolve  8  a2z  —  18  aPy2  into  factors. 

37.  Resolve  3  x*y2  —  27  x2y^  into  factors. 

38.  Resolve  4  z3  —  9  x  into  factors. 
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TO    FACTOR    TRINOMIALS    WHICH    ARE    SQUARES. 

Art.  407.  (a  +  b)2=(a  +  b)(a  +  b)  =  a2  +  2ab  +  b\ 
and  hence  the  square  of  the  sum  of  two  numbers  is 
the  square  of  the  first  plus  twice  the  product  of  the  first 
multiplied  by  the  second,  plus  the  square  of  the  second. 
Thus,  (2  x  +  y)2  =  4  x2  +  4  xy  +  y2. 


Write  the  square  of: 

39.    x  +  y. 

42.    *  +  3. 

45.    2z-r-y. 

40.    a  +  x. 

43.    5+  z. 

46.    ax  +  3. 

41.    a;  +  5. 

44.    Sa  +  b. 

47.    Sx  +  2y. 

Art.  408.  (a-5)2=(«-  b)(a -b)=  a2  -  2ab +  b\ 
and  hence  the  square  of  the  difference  of  two  numbers 
is  the  square  of  the  first  minus  twice  the  product  of  the 
first  multiplied  by  the  second,  plus  the  square  of  the 
second.     Thus,   (x  —  2  y*)2  =  x2  —Axy  +  4  y2. 


Write  the  squares  of: 

48.    x-y. 

51. 

5-x. 

54.    x  —  Sy. 

49.    x  —  a. 

52. 

a2  -  b2. 

55.    ax  —  4. 

50.    x-3. 

53. 

3a-  b. 

56.    2a-  3 b. 

Art.  409.  A  trinomial  is  a  perfect  square  if  two  of 
its  terms  are  perfect  squares  and  the  remaining  term  is 
twice  the  product  of  their  square  roots. 

The  square  root  of  a  trinomial  which  is  a  perfect 
square  is  found  by  connecting  the  square  roots  of  the  terms 
which  are  squares  with  the  sign  of  the  remaining  term, 
Thus,  V#2  —  4  xy  +  4  y2  =  V#2  —  V4  y2  =  x  —  2  y. 

The  square  root  of  a  trinomial  is  one  of  its  two  equal  factors. 

57.    Resolve  4  x2  —  4  xy  +  y2  into  its  factors  : 
V4 x2  =  2 x  ;   Vy2  —  y\   2x  —  y,  the  square  root. 

Hence,  4 z2  —  4  xy  +  y2  =  (2 a  —  y)(2 #  —  y). 
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Resolve  into  factors : 

58.  a2  +  <dab  +  §b\  62.  4*/2-4y  +  l. 

59.  a*-2a2b  +  b2.  63.  25  x2  +  10  ^2  +  */4. 

60.  z2-2z  +  l.  64.  9  z2  -  6  a;  +  1. 

61.  1  -  10  ab2  +  25  a264.  65.  re2/  -  10  sy  +  25. 

66.  Resolve  into  factors  3  x*y  +  6  a;2?/2  +  3  ##3. 

N.  B. — Observe  that  3  xy  is  a  factor  of  each  term. 
3  z8#  +  6  x2y2  +  3  a;#3  =  3  xy{x2  -{-  2  xy  +  y2)  =3  xy{x  +  y)(x  +  y) • 
Resolve  into  factors  : 

67.  2:r3-8x2+ 8z.  70.    2a4  +  4A2  +  2c4. 

68.  z3-10z2+25:r.  71.    3z4  +  12z2  +  12. 

69.  5a3-10a25  +  5a62.  72.    4  -  40  ab +  100  a2b2. 

THE    PRODUCT    OF    TWO    BINOMIALS   WITH   A    COMMON    TERM. 

Art.  410.  It  may  be  shown  *  that  the  product  of 
auy  two  binomials  with  a  common  term  is  a  trinomial 
made  up  of  (1)  the  square  of  the  common  term,  (2)  the 
product  of  the  common  term  multiplied  by  the  algebraic 
sum  of  the  two  unlike  terms,  and  (3)  the  product  of  the 
unlike  terms.     Thus, 

(1)  (x  +  a)(x  —  b~)=x2+ax  —  bx  —  ab  =  x2+(a  —  V)x  —  ab, 

(2)  (:z  +  4Xz-3)  =  z2+(4-3)z-12  =  z2  +  z-12. 

Write  the  product  of: 

1.  (z  +  4)(z-f  3).  6.  (x  +  cL)(x  +  b). 

2.  (s  +  5)(a:-3).  7.  (x  -a)(x  +  *). 

3.  (a;  +  2)(a;-5).  8.  (x-  d)(x-  b). 

4.  (a;-5)(a;-4).  9.  (a;  +  3c)^-2c). 

5.  (a;-7X«  +  3).  10.  (a;- 3  J)(a;  +  5ft). 

*  See  White's  School  Algebra,  p.  88. 
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Art.  411.  It  follows  from  Art.  410  that  a  trinomial 
which  is  the  product  of  two  binomials  with  a  common 
term  may  be  resolved  into  two  binomial  factors. 

11.  Resolve  into  factors  x2  +  5  x  +  6. 

Vx2  =  x,  first  term. 
6  =  2  x  3;  2  +  3  =  5. 
Hence,  x2  +  5  x  +  6  =  (x  +  2)  (x  +  3). 

12.  Resolve  into  factors  x2  —  4  x  —  21. 

y/x2  =  x,  first  term. 
-21  =-7x3;  _7  +  3=-4. 
Hence,  x2  -  4*  -  21  =  (x  -  7)(x  +  3). 

It  will  be  observed  that  each  of  the  trinomials  given  above  may 
be  readily  resolved  into  factors  by  inspection. 

Resolve  into  factors: 


13. 

x2  +  8  x  +  16. 

18. 

x2-  15  x  +  56. 

14. 

^  +  7  x  +  io. 

19. 

x2  +  3  x  _  28. 

15. 

x2_3x_1St 

20. 

^2  +  7  3.  _  lg. 

16. 

z2  +  2z-63. 

21. 

x2  +  x-  42. 

17. 

z2-  3z-  70. 

22. 

a?2_n  z-f-28. 

MISCELLANEOUS    EXERCISES. 

Resolve  into  factors : 

1. 

£2-25. 

13. 

^  +  8  #  +  16. 

2. 

16  -  a2. 

14. 

x2  -  2  a&c  +  a262. 

3. 

1  +  6  a  +  9  a2. 

15. 

5  a26  -  20  ab2  +  20  £3, 

4. 

x2-2x  +  l. 

16. 

z2  —  5  #  —  14. 

5. 

3^-3  xy2. 

17. 

z2_llar+18. 

6. 

x^-10x2-\-25x. 

18. 

x2  +  6  a:  +  5. 

7. 

2x*+8x2  +  $x. 

19. 

100-20#  +  #2. 

8. 

9  a4  -  36. 

20. 

48  -  24  #  +  3  ?/2. 

9. 

a4 -6*. 

21. 

3  x2  -  6  a?y  +  3  y\ 

10. 

4z2-4z  +  l. 

22. 

lx2-  63. 

11. 

cfi-2a2b2  +  bK 

23. 

x2  —  5  #  +  6. 

12. 

a2  -  4  64. 

24. 

9  a2  _  6  ^  +  #». 
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FR  ACTIONS. 

Art.  412.  In  algebra  a  fraction  is  treated  as  an 
indicated  division,  the  numerator  being  the  dividend, 
and  the  denominator  the  divisor. 

The  changing  of  the  sign  of  either  term  of  a  frac- 
tion changes  the  sign  of  the  fraction. 

The  processes  with  fractions  are  the  same  in  algebra 
as  in  arithmetic. 

Reduce  to  lowest  terms: 

-      .3  a2b*                   „     a2-b2  -        a*-b* 

■»••    tz — tt:  <*•    —^ 7'  o. 


15  ab2  a2  +  ab  2  a2  -  2  ab 

2  Sab  4     a2-2ab  +  b2     g  x2  -  y2 

3  a%  —  6  ab  a2  —  b2  x2  -f  2  xy  -\-  y2 

Reduce  to  integral  or  mixed  number: 

7     ax2  -  bx2  9     x2  -  y2  n    x2  +  3  x  -  28 

x2  z  +  y  x  —  4 

g     ab-\-x  10     x2+2xy+y2      ^    abc  —  ex2 

a  %+y  abc 

a2 

13.    Reduce  a r  to  a  fraction. 

a  +  b 

a(a  -f-  &-)  —  a2  _    #5 


process :   a  — 


a+b  a  +  b  a  +  b 

Reduce  to  a  fraction  : 

x  - „  2  ax 


14.  3^  +  _±_.  17.    a  +  a;- 

# —  3  a  +  x 

15.  1-2^1  18.    a-J  +  ^!±l2. 

x  +  7  a  +  o 

16.  a-\ — •  19.    oa • 

a  +  x  x—1 
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7  o 

20.    Reduce  -,    -,   and    — — —    to  equivalent 

a—  b     a  +  o  a1  —  62 

fractions  with  a  common  denominator  (Art.  85). 

N.  B.— The  L.  C.  M.  of  a  -  b,  a  +  b,  and  a2  -  b2  is  a2  -  62. 
Reduce  to  equivalent  fractions  with  the  lowest  common  denominator : 

a  —  b    a  -\-b 


21. 

a      b       e 
be    ac    ab 

24. 

22. 

a        b        c 
3  c    4:ac    6  a 

25. 

23. 

3        54 
5  a    2  a2'    10  a' 

26. 

a  +  &' 

a  ■ 

-b 

1 

1 

1 

a?+r 

X2 

-1' 

*-l 

a  —  b 

a  - 

-J 

a  +  & 

a        a  +  b        a 

Art.  413.  The  sum  or  the  difference  of  algebraic 
fractions  is  found  by  connecting  them  with  the  proper 
sign,  and  then  reducing  the  result  to  its  simplest  form. 

27.    What  is  the  sum   of and  -?      What 

is  their  difference  ? 

...       1  1       _a+ba—b_a+b+a—b_     2  a 

\l)  ~ — z  +  ~~rz  —  ~zh     r* + 


(2) 


a-b      a  +  b      a2  -  62     a2  -  62  a2  -  62  a2  -  62 

1  1       _  a  +  5        a-5=a  +  5-(q-5)_      2  6^ 

-  b      a  +  b~  a2  -  62      a2  -  62  ~  a2  -  62  a2  -  62" 


Observe  that  in  (2)  the  second  fraction  is  preceded  by  — ,  and 
hence  the  signs  in  the  numerator  must  be  changed. 

Simplify : 

28. 


x+y      x-y 

29.    *±JL  +  *ZJL 

x—y      x+y 

5  3 

x -3      x-2 

1  25 


30. 
31. 


32. 

a2 

az 

a  —  b 

a2 -J2 

33. 

a^  +  5 

a:  +  3 

xy 

2/ 

34. 

a  —  xx 

a  +  #2 

~T 

arc 

arr2 

35. 

x-y 

y~x. 
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Multiply  and  simplify : 

36.    ff   by   ™.  39.    -±_   by  « 


26  a  a—  J     J    a  +  J 

37.    _«L  by  ^— ?.  40.    ^-^  by  -3? 


«  +  6  «6 


a 

-b 

/- 

-y2 

xy 

a 

—  X 

x  +  y 


38.    -*£-    by  1=^  41.      a~*    by   a'  +  "*. 

1  —  x  ax  a2  —  x2  a  —  x 

Divide  and  simplify : 


xy  xlyl  a  +  b  a2  +  ab 

43.    <±±±  by  _*—  46.    a2~b2  by   «=A 

a&  a  —  b  a  +  b  a  +  b 

44'     7y     bj   21?  47'    ^  +  2,  +  lby^T* 

RATIO  AND  PROPORTION. 

Art.  414.  The  value  of  x  in  a  proportion  may  be 
found  by  writing  the  product  of  the  extremes  equal  to 
the  product  of  the  means  (Art.  338),  and  then  finding 
the  value  of  x. 

1.    Find  the  value  of  x  in  the  proportion  4  :  12  :  :  3  :  x. 


clearing  of  fractions,  4  x  =  36 ; 

whence  x  =  9. 

Find  the  value  of  x  in  the  following  proportions  : 

2.  5:  9::  10  :  a.  6.  5  :  a; :  :  10  :  7. 

3.  4:  6::  12  :  re.  7.  4  :  6  :  :  a: :  9. 

4.  x  :  8  :  :  6  :  12.  8.  5  :  15  :  :  3  :  s. 

5.  z:  3::  10:  6.  9.  6  :  4  :  :  12  :  x. 
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10.  x-Q  :  5  ::x  +  6  :  9.  12.    z  +  3  :  x-S  ::  5  :  & 

11.  4  :  12  ::z-4  :z-f-4.  13.    z  +  1  :  z  +  5  ::  4  :  6. 

PROBLEMS. 

1.  If  5  men  earn  $15  in  a  day,  how  many  men  will 
earn  $75  in  a  day? 

Let  x  =  number  of  men  that  will  earn  $75; 

then  15  :  75  : :  5  :  x. 

Multiplying  extremes  and  means, 

15*  =  375; 
whence  x  =  25,  number  of  men. 

2.  If  6  men  can  do  a  piece  of  work  in  48  hours,  in 
how  many  hours  can  8  men  do  the  work? 

3.  If  5  horses  eat  10  bushels  of  oats  in  9  days,  how 
many  bushels  will  they  eat  in  36  days  ? 

4.  If  a  train  runs  90  miles  in  3  hours,  in  how  many 
hours  will  it  run  225  miles  ? 

5.  If  a  man  can  do  a  piece  of  work  in  12  days,  work* 
ing  8J  hours  a  day,  how  long  will  it  take  him  if  he 
works  10  hours  a  day  ? 

6.  A  garrison  of  90  men  consume  15  barrels  of  flour 
in  12  weeks.  How  many  barrels  of  flour  will  supply 
them  52  weeks? 

7.  If  a  flagstaff  60  feet  high  casts  a  shadow  72  feet 
long,  how  high  is  a  steeple  whose  shadow  at  the  same 
time  is  162  feet  long? 

8.  If  a  vertical  staff  4  feet  long  casts  a  shadow  5 
feet  long  at  10  o'clock,  how  long  at  the  same  hour  is 
the  shadow  of  a  flag  pole  90  feet  high  ? 

9.  If  a  pole  15  feet  high  casts  a  shadow  8  feet  long 
at  noon,  how  high  is  a  tree  whose  shadow  at  the  same 
hour  is  72  feet  long  ? 

10.  If  a  five-cent  loaf  of  bread  weighs  8  ounces  when 
flour  is  $4  a  barrel,  how  much  should  it  weigh  when 
flour  is  $5  a  barrel? 


APPENDIX.  365 

11.  A  garrison  of  20  men  is  supplied  with  provisions 
for  12  days.  If  12  men  leave,  how  long  will  the  pro- 
visions supply  the  men  that  remain  ? 

12.  A  garrison  of  500  men  having  provisions  for  60 
days  was  reinforced  after  20  days,  and  from  that  time 
the  provisions  lasted  only  20  days.  How  many  men 
were  added  to  the  garrison  ? 

13.  Divide  120  into  two  parts  such  that  their  ratio 
shall  be  as  3  to  5. 

Or, 

Let  Sx  =  one  part; 

and  ox  =  other  part. 

Then  3z  +  5x  =120 
a?=15 
3a:  =45,  one  part; 
5x  =  75,  other  part. 


Let  x  =  one  part ; 

then      120  —  x  =  other  part. 
Hence        (3  +  5):  3  : :  120  :x; 
8  x  =  360 
x  =  45,  one  part ; 
120  -  45  =  75,  other  part. 


14.  Divide  $90  between  A  and  B  in  the  ratio  of 
4  to  5. 

15.  The  sum  of  two  numbers  is  154,  and  the  less  is 
to  the  greater  as  5  to  6.     What  are  the  numbers  ? 

16.  The  difference  of  two  numbers  is  30,  and  the 
greater  is  to  the  less  as  9  to  6.    What  are  the  numbers  ? 

17.  The  difference  between  the  ages  of  two  brothers 
is  12  years,  and  the  age  of  the  elder  is  to  the  age  of  the 
younger  as  7  to  5.     What  is  the  age  of  each  ? 

18.  A  father's  age  is  to  his  son's  age  as  7  to  3,  and 
the  sum  of  their  ages  is  60  years.  What  is  the  age 
of  each  ? 

19.  The  monthly  wages  of  two  artisans  are  in  the 
ratio  of  4  to  5,  and  one  receives  $  12  a  month  more  than 
the  other.     Find  their  wages. 

20.  The  length  of  a  rectangular  room  is  to  its  width 
as  5  to  3J,  and  the  length  is  12  feet  more  than  the 
width.  Find  the  dimensions  of  the  room.  How  many 
feet  in  its  perimeter  ? 
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SQUARES  AND  SQUARE  ROOTS.— AREAS. 

Art.  415.  Since  3  x  3  =  32  (Art.  349),  x  x  2;  =  a*, 
and  2a;X2;=2a;2;  ^  x  o  =  *2  '  2  •    3  =lf 

1.  What  is  the  product  of  x  and  3rr?  2#  and  2x? 
2x  and  |?    ^  and  3a;?    |  and  |?    ^  and  ^? 

If  a;  =  3,  then  x  x  re  =  3  x  3  ;  that  is,  x2  =  9.  The 
two  members  of  an  equation  may  be  raised  to  the  sec- 
ond power,  or  squared,  without  affecting  their  equality. 

Art.  416.    If  x2  =  16,   then     Vx2  =  Vl6  ;     that    is, 
x  =  4.     The  square  root  of  both  members  of  an  equa- 
tion can  be  taken  without  affecting  their  equality. 
Find  the  value  of  x  in  the  following  equations  : 
2.^  =  64.  5*- 82.  8.3*-768. 

22  9.    5z2  =  980. 

3.  a?  =121.  6.   |  =  27.  10.    6^  =  1014. 

4.  2^  =  162.        7.   ^=96.        11.    ^-=75. 

PROBLEMS. 

1.    One  number  is  §  of  another  number,  and  theii 

product  is  54.     What  are  the  numbers  ? 

Let  x  -  larger  number ; 

then  —^  =  smaller  number, 

o 

and  x  x  ^  =  =^-  =  their  product. 

o  o 

Hence  =|-  =  54. 

Multiplying  by  3,  2  x2  =  162 ; 

dividing  by  2,  z2  =  81 ; 

extracting  square  root,  x  =  9,  larger  number, 

—  =  6,  smaller  number, 
3 
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2.  A's  age  is  J  of  B's  age,  and  the  product  of  their 
ages  is  450  years.     What  are  their  ages  ? 

3.  The  product  of  J  and  |  of  a  number  is  162. 
What  is  the  number  ? 

4.  Two  numbers  are  to  each  other  as  2  to  3,  and 
their  product  is  150.      What  are  the  numbers  ? 

5.  Two  numbers  are  to  each  other  as  3  to  5,  and 
the  difference  of  their  squares  is  256.  What  are  the 
numbers  ? 

6.  A  husband's  age  is  to  his  wife's  age  as  6  to  5 ;  J 
of  the  product  of  their  ages  is  360  years.  What  are 
their  ages  ? 

7.  A's  age  is  to  B's  as  5  is  to  2,  and  the  difference 
of  the  squares  of  their  ages  is  525.  What  are  their 
ages  ? 

8.  The  width  of  a  rectangular  field  is  §  of  its  length, 
and  its  area  is  600  square  rods.  What  are  the  dimen- 
sions of  the  field  ? 

9.  The  length  of  a  rectangular  field  is  2J  times  its 
width,  and  the  field  contains  9  acres.  What  is  its 
length  and  width  ? 

10.  A  rectangular  garden  contains  an  acre,  and  its 
width  is  |  of  its  length.      What  are  its  dimensions  ? 

11.  What  are  the  dimensions  of  a  square  garden 
which  contains  1024  square  yards  ? 

12.  The  base  of  a  right-angled  triangle  is  twice  its 
altitude,  and  its  area  is  64  square  inches.  What  are 
its  dimensions  ? 

Suggestion-.  —  Let  x  =  the  base ;  then  -  =  the  altitude.    Plence 

x  x  -  =  area  (p.  159  Ex.  18). 

13.  A  triangular  field  contains  5  acres,  and  its  alti- 
tude is  |  of  its  base.     What  is  its  base  ? 

14.  A  circular  field  contains  314.16  square  rodsc 
What  is  its  diameter? 
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Let  x  =  diameter; 

then  z2  x  .7854  =  314.16  (Art.  372). 

Dividing  by  .7854,  x2  =  314.16  -h  .7854  =  400 ; 

extracting  square  root,  x  =  20,  number  of  rods  in  diameter. 

15.  A  circular  pond  contains  1256.64  square  yards. 
What  is  its  diameter  ? 

16.  The  surface  of  a  globe  is  7854  square  inches. 
What  is  its  diameter  ?    (Art.  373.) 


MISCELLANEOUS    PROBLEMS. 

1.  A's  farm  contains  |  as  many  acres  as  B's  farm, 
and  B's  contains  40  acres  more  than  J  of  A's.  How 
many  acres  in  each  farm  ? 

2.  A,  B,  and  C  rent  a  pasture  for  $  84 ;  B  pays  half 
as  much  as  A,  and  C  half  as  much  as  B.  How  much 
does  each  pay? 

3.  A,  B,  and  C  have  together  $  230 ;  A's  money  is 
•|  of  B's,  and  §  of  B's  is  |  of  C's.     How  much  has  each  ? 

4.  A  and  B  begin  trade  with  equal  capital.  A 
draws  out  33J  %  of  his  capital  and  B  adds  50  %  to  his, 
and  then  B  has  $  2000  more  capital  than  A.  What 
was  the  capital  of  each  at  first? 

5.  A  father  is  3  times  as  old  as  his  son,  and  in  15 
years  he  will  be  twice  as  old  as  his  son.  What  is  the 
age  of  each  ? 

6.  Ten  years  ago  a  mother  was  4  times  as  old  as  her 
daughter,  and  now  she  is  2^  times  as  old  as  her  daughter. 
What  is  the  age  of  each  ? 

7.  The  time  past  noon  is  f  of  the  time  to  midnight. 
What  is  the  hour  of  day  ? 

Suggestion.  —  Let  x  =  time  to  midnight ;  then  x  +  |  x  =  12. 

8.  What  is  the  hour  of  day  when  f  of  the  time  past 
noon  equals  f  of  the  time  to  midnight  ? 
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9.  A  and  B  can  do  a  piece  of  work  in  12  days,  and 
B  can  do  it  in  20  days.  In  how  many  days  can  A  do 
the  work  ? 

10.  A  can  mow  a  field  of  grass  in  6  days  and  B  in 
9  days  ;  they  work  together  3  days,  when  B  leaves. 
How  long  will  it  take  A  to  finish  the  mowing  of  the 
field? 

11.  A  and  B  can  dig  a  ditch  in  9  days,  A  and  C  in 
12  days,  and  B  and  C  in  18  days.  In  how  many  days 
can  all  together  dig  the  ditch  ? 

12.  A  can  do  a  piece  of  work  in  6  days,  and  B  can 
do  |  as  much  work  as  A.  In  how  many  days  can  A 
and  B  together  do  the  work  ? 

13.  Divide  153  into  two  parts  such  that  their  ratio  shall 
be  as  6  to  2\. 

14.  Cut  a  yard  of  tape  into  two  pieces  such  that  one 
piece  shall  be  9  inches  longer  than  the  other. 

15.  Find  two  consecutive  numbers  whose  sum  is  85. 

16.  Find  three  consecutive  numbers  such  that  the 
first  divided  by  7  equals  the  third  divided  by  8. 

17.  A  boy  bought  peaches  at  2  for  a  cent,  and  twice 
as  many  at  3  for  a  cent,  and  then  sold  all  at  a  cent 
apiece,  and  gained  44  cents.  How  many  peaches  did 
he  sell? 

18.  A  man  sold  a  horse  for  $90  and  gained  50%. 
What  per  cent  would  he  have  gained  if  he  had  sold  the 
horse  for  $75? 

Suggestion.  —  Let  x  =  cost  of  horse  ;  then  x  +  -—  90. 

19.  How  much  wheat  must  be  taken  to  a  mill  to 
bring  away  the  flour  of  9  bushels,  after  the  miller  has 
taken  out  10  %  for  toll  ? 

20.  If  a  man  can  do  a  piece  of  work  in  15  days, 
working  8  hours  a  day,  in  how  many  days  could  he  do 
the  work  by  working  10  hours  a  day  ? 

N.  C.  A.— 24. 


370     WHITE'S  NEW   COMPLETE  ARITHMETIC. 

21.  A  pipe  will  fill  a  cistern  in  4  hours  and  another 
pipe  will  empty  it  in  6  hours.  If  both  pipes  are  open, 
how  long  will  it  take  to  fill  the  cistern  ? 

22.  The  width  of  a  room  is  f  of  its  length ;  if  the 
width  were  4  feet  more  and  the  length  4  feet  less,  the 
room  would  be  square.  What  are  the  dimensions  of 
the  room  ? 

23.  A  fruit  dealer  sold  5  oranges  to  every  3  lemons, 
and  he  sold  in  all  72  oranges  and  lemons.  How  many 
oranges  and  how  many  lemons  did  he  sell  ? 

24.  What  is  the  price  of  eggs  per  dozen  when,  with 
a  rise  of  25  %,  20  dozens  of  eggs  can  be  bought  for  8  5? 

25.  A  man  having  872  spent  a  part  of  it,  and  then 
had  3  times  as  much  as  he  had  spent.  How  much  did 
he  spend? 

26.  A's  age  is  now  twice  B's  age,  but  in  5  years  A's 
age  will  be  to  B's  as  7  to  4.      What  is  the  age  of  each? 

27.  If  12  men  can  build  a  house  in  30  days,  how  many 
men  more  must  be  employed  to  build  it  in  20  days  ? 

28.  A  and  B  had  equal  sums  of  money.  A  spent 
815  and  B  $  25,  and  then  A  had  twice  as  much  money 
as  B.     How  much  money  had  each  at  first  ? 

29.  A  sold  B  a  horse  for  ±  more  than  its  cost,  and  B 
sold  it  for  880,  gaining  ^  of  what  he  paid  for  it.  How 
much  did  A  pay  for  the  horse  ? 

30.  At  2  p.m.  a  train  running  30  miles  an  hour 
leaves  Cleveland  for  Chicago,  and  at  5  p.m.  an  express 
train  running  40  miles  an  hour  leaves  Cleveland  for 
Chicago.  In  how  many  hours  will  the  second  train 
overtake  the  first  ? 

To  Teachers.  —  For  additional  practice,  let  pupils  solve  alge- 
braically problems  selected,  for  the  purpose,  from  those  on  pp.  76- 
81;  pp."  268-274;  pp.  281-283;  and  pp.  311-320.  Many  of  the 
problems  on  these  pages  can  be  readily  solved  by  the  algebraic 
method. 


APPENDIX. 


371 


SPANISH  LAND  MEASURES* 

Art.  417.  In  Texas  and  some  other  parts  of  the 
United  States,  originally  settled  by  Spanish-speaking 
people,  Spanish  land  measures  are  used  to  a  limited 
extent.  The  unit  of  measure  is  the  vara,  which  in 
Texas  is  regarded  as  33^  inches,  although  in  California 
it  is  commonly  regarded  as  33  inches,  and  in  Mexico 
as  32.9927  inches. 

Taking  the  vara  as  33J  inches,  it  will  be  convenient 
to  remember  that  100  yards  equal  108  varas,  and  that 
one  mile  equals  1900.8  varas.  A  square,  a  side  of 
which  is  5000  varas,  is  called  a  square  league.  A 
square,  a  side  of  which  is  1000  varas,  is  called  a  labor. 
So  that  a  labor  contains  1000000  square  varas,  and 
a  square  league  25  labors,  or  25000000  square  varas. 

It  is  frequently  necessary  to 
find  the  areas  of  tracts  of  land, 
the  measures  of  which  are  given 
in  the  Spanish  units,  in  terms 
of  the  English  units  in  common 
use  in  this  country.  For  this 
purpose  it  will  be  convenient  to 
remember  the  following : 

One  Square  League. 

A  square  league  contains  4428.4  acres. 

A  labor  contains  177.136  acres. 

An  acre  contains  5645.376  square  varas. 


ONE 

LABOR. 

WRITTEN    PROBLEMS. 

1.  How  many  varas  in  150  feet  ?     In  600  feet  ? 

2.  How  many  varas  in  2  miles?     In  5   rods?      In 
3  yd.,  2  ft,,  1J  in.  ? 

*By  H.  C.  Pritchett,  President  Texas  State  Normal  School ;  for  use  in 
Texas  Schools. 
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3.  How  many  varas  in  the  perimeter  of  a  section  of 
land? 

4.  An  acre  of  land  is  in  the  form  of  a  square ;  how 
many  varas  in  a  side  ?     In  the  perimeter  ? 

5.  Reduce  7002  varas  to  miles,  and  integers  of 
lower  denominations. 

6.  How  many  yards  in  the  perimeter  of  a  square 
league  ? 

7.  How  many  acres  in  a  rectangular  field  whose 
length  is  2321  varas,  and  whose  width  is  1342  varas  ? 

8.  The  head  right  granted  to  a  married  man  in 
Texas,  by  the  Mexican  Government,  was  a  square 
league  and  a  labor  of  land.  How  many  acres  in  the 
head  right  ? 

9.  If  the  head  right  mentioned  in  problem  8  be  laid 
off  in  the  form  of  a  rectangle  whose  length  is  10000 
varas,  what  is  its  width  ? 

10.  How  many  posts  and  how  many  yards  of  wire 
would  be  required  to  fence  the  head  right  mentioned  in 
problem  8,  the  posts  being  set  16  feet  apart  and  five 
strands  of  wire  being  used  ? 

11.  The  diameter  of  a  circle  is  200  varas.  How 
many  varas  in  its  circumference  ?  How  many  square 
varas  in  its  area?     How  many  acres? 

12.  Since  a  vara  is  33J  inches,  what  is  a  short  method 
of  reducing  varas  to  inches  ?     Inches  to  varas  ? 

13.  How  many  inches  in  630  varas?  How  many 
rods? 

14.  How  many  varas  in  400  inches  ?     In  75  feet  ? 


ANSWERS   TO   WRITTEN   PROBLEMS. 


N.  B.  —  When  a  problem  has  two  or  more  answers,  with  few  excep- 
tions, only  the  last  answer  is  given.  When  an  answer  is  a  sum  of 
money,  the  fractional  part  of  a  mill,  if  any,  is  usually  omitted. 

Page  13.  — 11.  108657.     12.442555.     13.63077833.     14.74467648. 

15.   12369  bushels.     16.  $652,658.     17.  457820  sq.  mi.    18.  23094644, 

pop- 
Page  14. —19.  3727678  sq.  mi.        21.  383.        22.  502.        23.  462. 

24.  649. 

Page  15.  —  25.  598.       26.  732.       27.  803.       28.  631.        29.  867. 

30.  636.       31.  633.       32.  156  sheep.       33.  145  students.       34.  $  156. 
35.  8117. 

Page  17.  — 14.  $4075.  15.  49894136  mi.  16.    1743679,  pop. 

17.  1022261,  pop. 

Page  18.  — 18.  1187814  sq.  mi.  19.  (1)  782876  sq.  mi.;  (2)  404938 
sq.  mi.   20.  215115819  bu.   21.  $467.   22.  $2330.   23.  $1032. 

24.  $800.   25.  6890  bu.   26.  26956. 

Page  21.  — 11.  2499120.  12.  230668800.  13.  503232000. 
14.  304800000000.  15.  17424000  ft.  16.  1572480  mi.  17.  26^78400 
acres.  18.  28500  soldiers.  19.  $  798,  train.  20.  1428  mi.  21.  60  mi. 
22.  648000.  23.  4560000.  24.  305000000. 

Page  24.  —  1.  120  sheets.  2.  1000  minutes.  3.  $  500.  4.  $  12.00, 
or  1200^.  5.  $6.00,  or  600^.  6.162000.  7.880000.  8.422000. 
9.  13549333]. 

Page  25.— 11.  5660656.      12.  40822137.      13.  8652963. 

14.  617496532. 

Page  26.— 16.  652919.  17.94240,  18.25629438.  19.4432246. 
20.  613566. 

Page  27. —11.  54.         12.  233;  20  rem.  13.  536.         14.  526. 

15.  305.  16.  485.  17.   18 ;  3600  rem.  18.  54  ;  7304  rem. 

19.  3464.       20.  8743.       21.  4567.       22.  41.        23.  4bY%%.       24.  356. 

25.  4r^,5_. 

Page  28.-26.  38TV<A)V         27.  95.        29.  9flfo.         30.  24^- 

31.  9}-|^g.     32.  2J:f6o0oV     33.  2400  acres.     34.  160  mi.     35.  820  hours. 
Page  31. — 1.  72  lemons.     2.  20  yards.     3.  42  acres.     4.  45  cows. 

7.  50.     8.   13;  31|  rem.     9.  61;  50  rem. 
Page  32.  — 11.  761ff     12.  190f|. 
Page  33.  — 14.  387if.        15.  480TV        16.  1487|f.        17.  5203f£. 

18.  3604 \i.     19.  433 rfo- 

Page  34.— 21.  7.  22.  18.  23.  12.  24.  55.  26.  h  27.  8. 
28.   s5T.       29.  2.       30.   10.       31.   1.       32.   1.       33.   If.       34.  3. 

Page  37.-8.  5,  5,  2,  3.  9.  2,  2,  2,  2,  2,  2,  5.  10.  2,  2,  2,  5,  7. 
11.  2,  2,  3,  5,  7.       12.  2,  2,  2,  2,  2,  3,  3. 

Page  38.  — 14.  2,3,7.         16.  42.         17.  48.         18.  5.         19.  189. 

20.  275.       21.   15.       22.  3.       23.  35.       24.  63.       25.  21. 

Page  40.  — 11.  12.     12.  63.      13.  48.      14.  28.     15.  42.     16.  128. 
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Page  41.  — 18.  4.       19.  48.      20.  37.      21.  1.      22.  252.      23.  14, 

24.  192.         25.  57.         26.  $52.        27.  §165.        28.  39  1b.        29.  25. 

30.  120.  31.  72.  32.  7.  33.  8.  34.  39.  35.  1.  36.  101.  37.  16. 
38.  84.     39.  80. 

Page  44.  — 11.  120.        12.  126.  13.  480.  14.  108.  15.  144. 
16.  210.       17.  300.       18.  $720. 

Page  45.  —  20.  180.       21.  280.  22.  180.  23.  600.  24.  756. 

25.  720.       26.   1200.        27.   1890.  28.  3360.  29.  2520.  30.  60. 

31.  108.     32.  90.     33.  210.     34.   5040.     35.  720.     36.  630.      37.  756. 

38.  60  minutes.     A,  6  mi.  ;  B,  5  mi.  ;  C,  4  mi. 

Page  50.  —  8.  **$K          9.  a&.          10.  iff i  ;  ±oe i.  11.  \6#. 

12.  iifi.  13.  ^if1-  14-  -IF-  15.  mK  16.  M^--  17.  ^i. 
18.  -Hf^.     19.  -ffi.     20.  iff^. 

Page  51.—  28.  16^.      29.  27.      30.  17ft      31.  39TV  32.  19||. 

33.  9.      34.   17 12.       35.  38if.       36.  465V       37.  IO93V  38.   12¥ft 

39.  53&.      40.  2016if. 

Page  53.  —  51.  f.      52.  if.  53.  ft       54.  TV  55.  if.      56.  f 

57.   ft     58.  T'T.     59.   ft     60.  f.  61.  ft     62.  ft  63.  ft     64.  ft 

65.  f.     66.  T7T.     67.  f.     68.   ft  69.  i.     70.  ftf.  71.  ft     72.   T\\. 

73.  f.  74.  TV  75.  TV  76.  f.  77.  f  78.  TV  79.  ft  80.  ft 
81.  iff.     82.   f     84.  h     85.  f. 

Pao.1  *54.  Q7   30   2  8   15   22       OQ   18   28   27   14       QQ   30   27 

.Page  O*.  »/•     3-6,    3^,   ?6,    36-.  »»•     go'    60'    60'    60*  ya-     ¥3'   ¥?» 

If,  if.    ioo.  if,  f §,  fi,  f|.    ioi.  ft  ft  ft  ff. 

Page  55.-104.    ff,  ft  ft  f|.     105.    ft  7\,  ft  ft     106.    ft  if, 

21  10            107        18      2  5      14  11             108  32      36      26      11             1  ftQ  28      18      35 

S¥»  24-          1U«*       3  0'    3  0»    301  3  0'           1U0*  ¥0'    4  0'    ¥0'    ¥0'           1Utf'  ¥21    4~2»    4  2' 

8  lift        32      66      34      69  111        _8  0  72        100      105           1  1  Q  42      32      33 

?2*  11U-      72'    72'    72'    72*  iXi*      T2"0'   T20'    T20'   T20*          11<5*  60'    60'    6ffl 

26  11Q        49      32      33      34  lid.        24  5  5      33      5  8      31  1U  402  5      2898 

6  0'  lltf«  8  4'  8  4'  8  4'  8  4'  A1*-  6  0'  6  0'  6  0'  6  0'  6  0'  li0-  7243'  7  243» 
3542      13S0      6363# 

72page256.  — 125.  f.    126.   f.    127.   ft    128.   If.    129.   ft    130.  f. 
131.    ft     132.    1TV     133.    2|.     134.    lft 
Page  57.  —  135.   ift      136.    ^       137.    12f .      138.    6  ;  5ft  8^, 

fiQ7  lOQ        150      225      4_0  0  140        3  6  1A1  7     .    O.  K5  I4.O        15      2  0 

OOtt.        10».      -To   ,   -y-2-,  T2"-        x*u'      6  3'        1*1,     T2  >    Z  )  °8*        X*a-      2¥'    2¥> 

14  143       30      28      33      8.4    for  21^  144      A      3_3      2  145       28.  36      3  3  6 

ST  A*°'      36'    36,    36,    36    \Vl   *3g)'  «*•      6'      6   »    6*  -1*0-      63'  63'     6^' 

14fi       15      30      25  I47  8        «0      3  5 

i<to.    125  12'  i2-     "'•   ¥0'  ¥0'  40- 
Page  58.— 12.    2|.     13.    2ft     14.    2rVo- 
Page  59. -16.   lft    17.  Iff.    18.  2ft    19.  21.    20.  2*.    21.  2ft 

22.    2ft     23.   2T\V     24.    2&.     25.    A-     27.    If.     28.   3|.     29.    lft 

30.    4T30-.     32.    288|.     33.    274ft      34.    174.      35.   65ft     36.    2037i, 

37.    68ft     38.    3ft 
Page  61. -13.    ^.     15.   if     16-  A-     17-   ft     !«•   tVV     19-    A» 

20.    ft      21.    TV\.     22.    ^.      23.    ft     25.    &.      26.    2ft     27.    7\. 

28     12. 

Page  62.  — 30.    2f.       31.   21.       32.    2&.       33.  46|.        34.    19ft 

35.    17ft     36.  88ft     37.   70f.     38.  63f.     39.   if.     40.  9ft     41.  j\. 

42.    ¥V     43.    10fV     44.    Ii.     45.   J-i§. 
Page  63.  -46.  1TV    47.  1ft    48.  4ft    49.  7ft    50.  7f    51.  ft 

62.   I.     53.   U. 
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Page  64.— 12.  44.  13.  5T52.  14.  51.  15.  75.  16.  191.  17.  2TV 
18.  2ft.  19.  5|.  20.  4ft  21.  40T830g.  22.  2250.  °  23.  3648. 
24.    $16600.    25.    $3466§.     26.    4200  feet. 

Page  65.  —  38.  5ft.  39.  50T\.  40.  29T3T.  41.  50ft.  42.  2544. 
43.  623TV  44.  465TV  45.  248.  46.  432*  47.  17021.  48.  5224. 
49.   2520. 

Page  66.  —  51.    572.      52.   693.     53.    808.     54.    82233.     55.    8649. 

56.  13533*-.      57.    45196?.       58.    17427f.       59.    42745.V.       60.    29125. 

61.  19482.     62.  48702.     63.  48235f.     64.  47521  T3r.     65.  81648. 
Page  67.  — 75.  ft.      76.    |S.      77.   TV      78.    |.      79.    I.      80.    &>. 

81.    |f.     82.    *.     83.    8|.     84".    24|.     85.    22ft.     86.   28. 

Page  68.  — 89.  ft.  90.  f.  91.  2ff§.  92.  T3T5T.  93.  5  f  acres. 
94.  35  cents.  95.  $£f.  96.  34 f  cents.  97.  $3i.  98.  $266. 
U9.    $41.     100.    $3.43f.     101.    $142f.     102.    $77291. 

Page  70.-14.  &.  15.  &.  16.  &.  17.  _v  18.  ^  19.  _3_. 
20.  fT.  21.  Jy  22.  &.  23.  ft.  24.  f.  25.  f.  28.  UT%\. 
29.    37i. 

Page  71.— 40.  36.  41.  45.  42.  25.  43.  1231.  44.  169T77. 
45.  297^3.     46.  160f.    47.  300.     48.  12.     49.  36.     50.  40ft.     51.  20. 

Page73.— 62.   f.     63.    1^.      64.   f.      65.   f.     66.    ft.      67.    1TV 

68.  &.    69.  5.     70.  1.     71.  \.     72.  4|.     73.  2ft,     76.  10|.     77.  1^. 

78.  25ff 

Page  74.— 1.  T\.  2.  ^V  3.  27.  4.  f.  5.  f.  6.  ft.  7.  20. 
8.  &.  9.  2f.  10."  3V  11.  f.  12.  21.  13.  9.  14.  ^.  15.  3|. 
16.    if^.     17.   24.     18.   £§.     19.    44|.     20.   21  months. 

Page  75. — 21.  15f  bushels.  22.  46f  yards.  23.  9/3-  hours. 
24.    126^  acres. 

Page  80.— 51.   5.    52.  TV     53.  4ft.    54.  81.     55.   1ft.     56.  lft. 

57.  5041.     58.  ft.     59.  188f  acres.     60.  33  sq.  rods.     61.  ~13ft  hours. 

62.  12  V  tons.     63.  $5270.     64.  684  yards.     65.   105.     66.    lloi  miles. 
67.   $1375.     68.    $14175.     69.    390  pupils. 

Page  81.  —  70.  $14616.  71.  $2555f.  72.  TV  73.  /T.  74.  A, 
220  acres;  B,  176  acres.  75.  A's,  $23l0;  B's,  $2800;  C's,  $  1050. 
76.    S  35200.     77.    $4875.     78.    8  of  each.     79.   $  9000,  estate. 

Page  88.— 60.  .0205.  61.  .040034.  62.  .02004.  63.  .0000615. 
64.  600.0015.     65.  15.015.     66.   .00300313.    67.  .5000085.     68.  .00012. 

69.  400.000465.       70.    25.025.       71.   5000.005.        72.    375.000000375. 
73.    30000.00046.     74.    .001000045.     75.   80040.0306. 

Page  89.— 76.    15000.0015.      77.    75.005043.      78.    1000000.000001. 

79.  15000000.000015.         7.    .0674000.         8.   .075000.         9.    62.70000. 
10.    5.3300000.     11.    3.0000.     12.   45.000000.     14.   5.240. 


Page  90.  - 

-19.   &.      20.   |.      21.    ¥V      22.   TV      23.    ft.      24.    &. 

25.   fto.     26. 

TV     27.  ¥V     28.    fti.    29.  3ft.     30.    37|.     31.   62&. 

32.    37 f.     33. 

56|.     34.   2471.     35.    161.     36.    214Tft. 

Page  91.  - 

-42.    .625.     43/  .5625.     44.  .04.    45.   .78125.     46.   .512. 

47.    .64.      48. 

1.28.      49.    3.625.      50.    .096.      51.    .075.       52.    .0875. 

53.    .095.     54. 

.325.     55.   .0175.     56.    .092.     57.    .0032.     58.    .00131. 

59.   .04375. 

60.    .00831.        61.    .076|.        62.    .126^-.        63.   12.15. 
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Page  92.— 2.  210.08595.  3.  111.0188.  4.  $267.322§.  5.  120.09051. 
6.  .28005444  7.  .0252077.  8.  148.58*-  rods.  9.  5.00*-  pounds. 
10.   22.84  inches. 

Page  93.— 3.  2.0425.    4.  .61625.    5.  11.9995.    6.  .594.    7.  .043956. 


8.   .026095.     9.  .005005193. 

Page  94.  — 10.    .0066744. 
inches.     14.    .22  inches. 

Page  95.  — 9.  4.875.    10. 
14.    1.1772.      15.    2.048.       16. 
20.  640.     21.  1.08.     22.  49.45 
28.  34060.     29.  48.     30.  25.6. 

Page  98.  —12.   18.      13.  4. 


18.  150. 
24.   .0066. 
30.   .001024 
35.    .00005. 
42.  .00025.        44.   .0483' 
48.    .0102. 

Page  99. —1. 

Page  100. —5 

9.  399.514.        10. 

14.  50000000000. 
Page  101.  — 5 

9.    $.010.  10. 

13.    1010  mills. 
17.    10001  cents  ; 

Page  102—7 
11.    .§1053.10. 

Page  103. —13. 

Page  104.  —  16. 

19.  §53449.(58. 
Page  105.  —20. 

23.    $33460.61     8. 
Page  106— $40 

15.  $52^05.          16, 
Page  108. —26. 


11.    .079984.     12.   4.95  miles.     13.   2.55 

2795.    11.  .23328.     12.   1.152.     13.   .3136. 

.5454.      17.    1.344.      18.   4.      19.  2.55. 

23.  .75375.     24.  256.     25.  .00000943. 

31.  6.48.     32.  .9054. 

-12.   18.      13.  4.      14.  8.      15.  30.      16.  2500.      17.  20. 

19.   24.         20.    .05.         21.    .08.         22.   2.07.         23.   .27. 

25.   700.      26.  900.       27.   .009.       28.   .009.       29.  3413.3*. 

31.   .00005.       32.  20000.       33.   .00001.        34.   100000. 

36.    36.  37.    192.  40.    1500.         41.    2294. 11J2. 


45.   .0545.        46.  .000005.        47.  .0025. 


.024. 
1.08 

$177.60-. 

15.    .014. 
3 10.50.       6 
35000  cents. 
14.    $15. 
10100  mills. 
$952.08. 
12.    $1423. 
S22--». 
$229.01. 


2.    .0028.         3. 
6.    63.5475. 
11.   1031.25. 


4-      7000 

39.056875. 
12.   105. 


13. 


8.    320. 

.000064. 


$40,605.        7.  $100,374. 

11.    625  mills.  12. 

15.    $15.  16.    $.45; 


8.  $.508. 
4008  cents. 
25080  mills. 


8.  $37,775.      9.  $617.20.      10.  $3361.25. 


14.    $378.60. 
17.    $39? 


15. 

.86. 


3.50. 

18.    $4575.15. 


22.    $24564.22. 
$8666 1 . 


$293.42.  21.    $329.45. 

$1010.25.         9.    $9.22.         10. 

75.       12.  80  chairs.       13.  94  tons.       14.  $68.55 

S  103.20. 
$1000.       27.  $4004. 


30.  420  dozpn 
Page  109.- 
Page  110.  - 
Page  125.— 24. 

26.  1530  pt.  27 
30.  10  gal.  1  pt.  ; 
80  rd.  32.  7  mi. 
4  yd.  1  ft.  8  in. 


31.  360  yards.    33. 
8  35.433.    1.  $50.76. 


28.  $2343.75.   29. 
$1.9625.    34.  §: 


8480. 

7.2F. 


778  pt.  ;  12  bu.  5  qt 
35  bu.  3  pk. 
47  gal.  2  qt 
94  rd.  3  yd. 
35.  3°  27'  40" 


.  $52,501.   5.  $70.09. 

25".  160  bu.  4  qt, 

28.  23983  vd.    29.  1902  sq.  rd. 

31.  1  mi'.  303  rd.  6  in.  ;  2  mi. 

33.  867240  in.    34.  1  mi.  252  rd. 

7°  30'.    36.  8  hr.  31  min.  24  sec. 


37.  15200  sq.  rd.  ;  51320  sq.  rd. 
3  oz.    39.  127  cu.  vd.  21  cu.  ft 
da.  16  hr.    42.  31622400  sec.  ; 
44.  236.8  pt.  ;  18  bu.  2  pk.   45. 
1.81b.  47.  56430";  163°  28' 7". 


38.  2  cwt.  55  lb.  ;  232  cwt.  53  lb. 

40.  140160  hr.    41.  5  yr.  51 

31536000  sec.    43.  2107200  min. 

74.25  ft.  ;  MX  rd.   46.  43.8  oz. ; 

48.  64944  ft.  ;'  .0041  mi.  49.  52  w. 


11  da.    50. 
Page  127. 


8064  A. 
-22.  JA 


51.  832  sq.  rd. 


oz. 
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Page  128.— 23.  19i-  in.      24.  220  pwt.      25.  1.092  hr.      26.  .04  1b. 

27.  .02  rd.  28.  .09625  mi.  29.  6.144  pt.  30.  T^  league. 
31.  T^o  da.  32.  .07  A.  33.  326160  gr.  34.  U  pt. 
35.    12830.4  ft.         36.    .00026 f  mi.         37.  .00365+  sq.  rd. 

Page  129.  — 14.  248  rd.  4  yd.  2  ft.  8  in.                    15.   2  da.  22  hr. 

16.  5  oz.  12  pwt.  17.  4  yd.  1  ft.  4g-  in.  18.  146  *  sq.  rd. 
19.  3  pk.  4  qt.  20.  13.6  oz.  21.  6  cwt.  50  lb.  22.  3  in. 
23.    3  qt.  1  pt.  2  gi.  24.    56  lb.  4  oz.         25.    19  min.  26.4  sec. 

Page  130.  —  11.    i  rd.  12.  T%%  bu.  13.    .001  fc  c.  yr. 

14.   .6125  bu.  15.    .7  1b.  16.  .0568r2T  mi.         17.  §£.       '  18.  A. 

19.  i.         20.    T3,.        21.    i. 

Page  133.  —  14.  1127  in.  ;  8  rd.  2  yd.  15.  368  pwt.  16.  46845"  ; 
4°  15'.      17.  9  cu.  yd.  9  cu.  ft. ;  900  cu.  ft.      18.  979i  min.      19.  128  hr. 

20.  T^oday-  21.  21.12  yd.  22.  .00045  r\  mi.  23.  §&  24.  TV 
25.    JT.         26.    145  ft.         27.   95  rings,  with  15  gr.  rem. 

Page  134.  —  28.    12  kegs.  29.    261  rotations.  30.  48  bbl. 

31.  627  axes,  with  1  lb.  7  oz.  rem.  32.  $  154. 78|.  33.  .84375  T. 
34.  18  doses,  with  16  gr.  rem.      35.  128  pills.       36.  6^.       37.  $3150. 

38.  $52.50.         39.    2|  oz.         40.    $7.77.         41.    $1,278. 

Page  135.  —2.  58  mi.  129  rd.  2  ft.  3/7  in.  3.  101  lb.  7  oz.  12  pwt. 
12  gr.         4.    131  bu.  1  pk.  1  qt.  1  pt.       "5.    1  c.  11  s.  15°  54'  24". 

Page  136. —7.  51°  22' 6".  8.  10°  58'.  9.  34°  11'  N.  11.  65  yr. 
4  mo.  1  da.         12.   49  yr.  10  mo.         13.    5  yr.  3  mo.  23  da. 

Page  137.  —  15.    4  mi.  297  rd.  4  yd.  16.    16  rd.  3  yd.  9  in. 

17.  7  rd.  13  ft.  8.2  in.         19.    203  bu.  2  pk.  5  qt.  1  pt. 

Page  138.  —20.  115  rd.  2  yd.  1  ft.  6  in.  21.  2248  bu.  1  pk.  2  qt. 
22.  60  T.  16  cwt.  28  lb.  23.  2  lb.  8  oz.  3  pwt.  25.  2  mi.  82  rd. 
2  ft.  5  in.  26.    1°  52'  IV?".  27.    1  lb.  7  oz.  15  pwt.  17  A,  gr. 

28.  35  bu.  3  pk.  4  qt.  29."  3  da.  2  hr.  51  min.  40  sec.  30.  161  rd. 
4  yd.  1  ft.  3r6r  in.  31.  10  lb.  10*  oz.  32.  213  da.  1  hr.  23  min. 
27^|  sec. 

Page  141.  —  12.  42  min.  20  sec.  13.  37  min.  20  sec.  14.  1  hr. 
4  min.  56  sec.         15.    5  hr.  8  min.  4  sec.  16.    1  hr.  13  min.  42  sec. 

17.    3  hr.  46  min.  24i  sec.  18.    1  hr.  10  min.  21  sec.  19.    1  hr. 

16  min.  3  sec.  21.  20°.  22.  32°  30'.  23.  49°  33'.  24.  75°  10'. 
25.    11°  27' 30".  26.  93°  6'.  27.    55°  30'.  28.    11°  42'  30". 

29.  22  min.  4  sec. 

Page  142.  —30.  12  hr.  37  min.  p.m.;  2  hr.  23  min.  p.m.  31.  3  hr, 
6  min.  Si>  sec.  p.m.  ;  10  hr.  53  min.  25  sec.  a.m.  32.  5  hr.  50  min, 

59  sec.  a.m.  ;  4  hr.  9  min.  1  sec.  p.m.  33.    8  o'clock  ;  3  o'clock. 

34.    10  o'clock  1  min.  ;  7  o'clock  57  min.  35.    11  o'clock  32  min. 

1  o'clock  7  min.         36.    5  hr.  37  min.  52T2?  sec.  p.m. 

Page  143.  —37.    2  hr.  58  min.  T25  sec.  p.m.  38.    33°  47'  30". 

39.  15°  35'.  40.  15°  45';  east.  41.  37°  30'.  42.  40°  15' W. 
43.  97°  2'  30"  W.  44.  87°  35' W.  45.  (a)  12  o'clock  31  min. 
16  sec.  p.m.  ;  (&)  11  o'clock  47  min.  24  sec.  a.m.  ;  (c)  9  o'clock  27  min. 
59  sec.  a.m. 

Page  147.  —  10.  7063.47™.         11.    507.064™. 

Page  148.  —  13.    482™.         14.  5865D™.         15.    265™™.        16.  529"^ 
17.    1460d™.         19.    3.075™.         20.    4.876D™.         21.    .307624Hm. 
Page  149.  — 10.   6.07048*™.        11.   904.068-. 
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Page  150.  —  13.   2250000s*  m.  14.   20050s*  cm.  16.  4.05H»; 

40500". 

Page  152.  —9.   74.56'.  10.    9065.0391.  12.  37.51  ;  3750cl. 

13     5290dl.         15.    .0405H1  .  .00405K1.         16.    .456^1  ;  4560cl. 

Page  153.  —  9.  5068.09s.  10.  970.56s.  12.  74580De  ;  745800e. 
14.    74.635*;  .074635Ks. 

Page  154.  —  2.  27.6523  mi.  3.    9.4488  in.  4.    710  bu. 

5.  9  9065  gal.  6.    330.69  lb.  7.   33.12051.  8.  72.48  steres. 

9.    30.3525*.        10.    536.448™ 

Page  155.  — 1.  133.4™.  2.  1649.9861.  3.  8.4501*8.  4.  54*g. 
5     94.51.  e.    1500s* dm.  7.    16.2*.  8.    62.9s* m;  107.07s* m. 

9  $305,876.  10.  3.924"1 ;  94.176"1.  11.  .6051.  12.  2000  pills. 
13.    11  rings.         14.   16.995Ks.        15.    $1,485.        16.   $92. 

Page  156.  — 17.  $3821.10.  18.  $362.04.  19.  $8.10.  20.  2000 
times.  21.  99.294*8"  22.  17.52^.  23.  1066|  hr.  24.  $18.70. 
25.    $1032.  26.    $162.50.  27.    $17.34.    '       28.    $11108.131. 

29.  8241.878.        30.    $1108.074. 

Page  159.  — 12.  1128.27  sq.  yd.  13.  149.75  sq.  yd.  14.  7035 
sq.  rd.  ;  43:'  A.  15.    13000  sq.  ft.  ;   1444*  sq.  yd.  16.    66  yd. 

17.    34  rd.     "   19.   904.7  sq.  yd.         20.    12$  A.         21.    15  in. 

Page  160.— 23.  188.496  yd.  25.  1256.64  sq.  ft.  26.  201.0624 
sq.  in.     27.    314.16  sq.  ft.     28.    5026.56  sq.  ft. 

Page  162. —1.    49  yd.  ;  9  in.  ;  6  in.  2.    48  yd.         3.    43]fyd. 

4.  621- yd.  ;  $99.60.  5.  Across.  6.  228f  yd.  ;  £  of  strip ;  $371,718. 
7.    lOJyd.;  $23.08J. 

Page  163.  — 8.    $31,587.  9.  $54,405.  10.   $100.94TV 

11.    $7.74*.     12.    $25.20.     13.    $11.25  (\\  roll  rem.). 

Page  164.  — 14.    $29.36|.     15.    13*  bd.  ft. 

Page  165.  —16.    7A  bd.  ft.  17.    140  bd.  ft.  18.    144  bd.  ft. 

19.    70  bd.  ft.  20.    333$  bd.  ft.  21.    $18,312.  22.    $6,912. 

23.    $7,392.         24.    3212.5  bd.  ft.         25.    $58.50. 

Page  167.  —  27.    $3480;     $5800.  29.    12.6  A.  ;     32.8  A. 

30.  7.254  A.  31.  14.1  A.  ;$  514.65.  32.  6  A.  ;  16f  A. 
33.    I  sect.  ;  $  7200. 

Page  169.  — 10.  1102$  cu.  ft.  11.  140  cu.  yd.  12.  1953.125  cu.  ft. 
13.    5040  cu.  ft.     14.    8  ft.     15.    76545  bricks. 

Page  170.  — 17.  15.708  cu.  ft.  18.  166.8975  cu.  ft.  19.  376.992 
cu.  ft. 

Page  171.  — 1.  7;  cd.  2.  18f  J  cd.  3.  6|  cd.  4.  10T9g  cd. 
5.    4.i  cd.      6.    $4.05.       7.    $95,185.      8.    300  perches. 

Page  172—  9.  21.21  +  P.  10.  110.653  +  P.  11.  103.7037  + 
cu.  yd.     13.    22.098  +  bu.     14.    30.1339  +  bu. 

Page  173.  — 16.    498.701  +  gal.  ;  15.831  +  bbl.  17.    311.688  + 

gal.;  9.894+ bbl.  18.  1175.04  gal.  19.  29.842  +  bbl.  20.  21.42 
gal.     21.   23.5  +  gal. 

Page  174.  —  22.  8-Ub.;  8.58*  U>.  23.  57.51b.;  165|  lb.  24.32.98  + 
lb.  25.    24.305+  lb.         26.    Not  pure  ;  25.75*g.  1.  $241920. 

2.    128  rd.       3.    4.417875  A. 

Page  175.  —  4.  3442.5  bricks.  5.  82$  yd.  (9  strips).  6.  44|  yd. 
7.    $29.50.  8.    90  bu.  9.    174.5*  cu.  ft.  10.    930.24  gal. 

11.  16. 786  + bbl.  12.  216  blocks.  13.  $35.91.  14.  $70,938. 
15.    77.21463™m.       16.    156.25H1;  4127. 7343|  gal. 
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Page  176.  — 11.    .00.       12.    .45.       13.    2.20. 

Page  177.  — 15.  .30},  or  .3025.  16.  .OOyt.  17.  .20},  or  .2025. 
19.    4  hr.  ;  8  hr.       20.    $15;  $37.50;  $50. 

Page  179.  —  9.  12.25.  10.31.5.  11.180.  12.0.375.  13.  $49.50. 
14.  $3.  15.  $5.4075.  16.  14  lb.  17.  1.52  1b.  18.  70  days. 
19.  $2.70.  20.  $4.  21.  93  ft.  22.  $.36375.  23.  321*  days. 
24.  $.09.  25.  .135.  26.  1<.  27.  .054.  28.  .040875.  29.  200.25  mi. 
30.    2018  lb.       31.    28|  T. 

Page  181.  —  7.  6%.  8.  20%.  9.  33.'%.  10.  20%.  11.  16*%. 
12.    2',%.       13.     '%.       14.    7*%.       15.    22%.       16.    6%.       17.    13>%. 

18.  20%.  19.  75%.  20.  40%.  21.  881%.  22.  30%.  23.  15%. 
24.    75%;  66§%.       25.    55;;%. 

Page  182.  — 15.    731|.  16.    716|.  17.   297.  18.    66*  lb. 

19.  156 J .  20.  416|.  21.  35.75.  22.  10-.  23.  1920  men. 
24.    $780.      25.   3.      26.    1500  sheep.      27.    7020  11).      28.    $182.50. 

Page  183.  — 30.  24.0566+.  31.  240.  32.  12.5.  33.  46.5  vd, 
34.  $520.  35.  $39.42^.  36.  $46.13§ft.  37.  500.  38.  125. 
39.    24:10. 

Page  184.— 1.    9.9G.  2.    5*.  3.    $482.75.  4.   42.125ft 

5.    253.8.       6.   44.       7.    5259  days.       8.    $57.20-:.       9.    $480.00. 

Page  185.  —  26.    $200.25.  27.    78^%.    '  28.    525  pupils. 

29.    14500.       30.    $50.       31.    $14400.       32.    375  bbl. 

Page  186.  —  33.  $40000.  34.  150000000  sq.  mi.  35.  80000. 
36.   $5080.  37.   21937.5  bu.  by  steamer ;  L9500  bu.  by  schooner ; 

17062. 5>bu.  by  rail.  38.  74422.  39.  450  A.  40.  $120.  41.  $  .83|. 
42.    000  pupils.  43.    800  pupils.  44.    145400.  45.    144  acres 

meadow  ;  122.4  acres  pasture ;  80  acres  grain  land  ;  133.0  acres 
woodland. 

Page  187.  —  46.  00  %.  47.  36  ,fi, ,  %.  48.  $  700.  49.  $  0480. 
50.  $9500.  51.  $14175.  52.  540  app'e,  264  peach,  150  cherry, 
246  pear.  53.  A's,  $14875;  B's,  $12950;  C's^ 7175.  54.  $24570; 
30!':%.     55.    37700.     56.    00000. 

Page  190.  —  23.  $7593.75.  24.  $29.70.  25.  20%.  26.  30%. 
27.  12||%.  28.  16|%.  29.  $(55280.  30.  $2.50.  31.  $21(5. 
32.    $0750.       33.    $36375. 

Page  191.  —  34.    $300.     35.    $4,735.     36.    $1401.33$. 

Page  193.  — 11.    $103,275.  12.    $199.06}.  13.    $88,136. 

14.    $38,593;  $578,906.     15.    8  7(5312.50. 

Page  194.— 16.    $1950.       17.    12%,.        18.   6|%.         19.    $30000. 

20.  $4170.  21.  $5948.25.  22.  $ 3460 ;$ 69.20.  23.  $11600; 
$174.       24.    $11:5.011.       25.    $1357.886."     26.    4434.58  +  bu. 

Page  197.  — 11.    $09:57.50.     12.    $507.50.     13.    $300. 

Page  198.  — 14.    $450.     15.    $270.     16.    8  shares.     17.   80  shares. 

18.  $7200  worth.  19.  100  shares.  20.  $252.  21.  50  shares. 
22.    3'%.       23.    $585.       24.    $8500.       25.    $22000;  $24500. 

Page  199.  —  26.  1 0 g  \  %  ;  $  469.3(5  + . 

Page  201.  —7.  $025.'  8.  $120,875.  9.  $30.9375.  10.  $64.25. 
11.  $840.  12.  1st,  $  20000  ;  2d,  $  24000  ;  3d,  $  16000.  13.  1%. 
14.  2 J  °/. 

Page  202.  — 15.  \.       16.  $12000.   17.  $15000.   18.  $35000. 

19.  $32000.  20.  $22500.  21.  $12040.  22.  $12000.  23.  $34650 
«4u  $141.60.  25.  $2225. 
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Page  204.—  2.    1\% 

Page  205.  —  5.    $12845.487.      6.    §130280.5125.     7.    $478747.83. 

Page  206.  —  1.    tf  390. 

Page  207.  —  2.  $375.  3.  $488.75.  4.  $423.36.  5.  $2000. 
6.    $3589.525.     7.    $2.20  ;  $3,696.     8.    $5850.     9.   $4415.85. 

Page  208.  —  2.  1st,  $2219.60;  2d,  $2873.70;  3d,  $3286.00;  4th 
$1385.70.  3.  A,$1925.00;  B,  $687.50  ;  C,  $2062.50  ;  D,  $550.00; 
E,    $1375.00. 

Page  209.— 4.  $.646.  1.  $10;  $2.50.  2.  $200.  3.  $4.80. 
4.    $39  (on  face).      5.    18|%.      6.    800  T. 

Page  210.— 7.  8Jfl%-  8-  4%-  9-  #120-  10-  #495-  n  §2600. 
12.    $3290.  13.    $20000.  14.    $48636.  15.    $791131.5635. 

16.    $1743.75. 

Page  211.  — 17.  3.997+%.  18.  5.3%.  19.  $328,125.  20.  25%. 
21.    $12857.142.         22.    $2077.825;  $  174.974.  23.    25256.911b.; 

$403,063  com. 

Page  213. —16.  $225  596;  $180,477.  17.  $6.53.  18.  $314,951. 
19.    $79.08i.         20.    $13,706.         21.    $21,431. 

Page  214.  — 23.   $80,336.  24.    $126,289.  25.    $18.48. 

26.  $55,654.  28.  $23,869.  29.  $1955.  30.  $90,782.  31.  $155,564. 
32.  $238,565.  33.  $187,716.  34.  $88.16|.  35.  $87,285. 
36.  $807,202.  37.  $2,237.  38.  $166.31+.  39.  $93,634. 
40.  $424,581.  41.  $297,498.  42.  $242,804.  43.  $263.04. 
44.    $208.84.         45.    $144,718. 

Page  215.  —  46.    $132,396.  47.    $241.9899.  48.    $158,093. 
Page  217.  — 17.    $  15.597  ;  $21,466.         18.    $  100.347  ;  $49,284. 

Page  218.  —  20.    $38.88.  21.    $41.4834,.  22.    $13,105. 

23.    $1120.759.         24.    $25,846.  25.   $891,377.  26.   $119,523. 

27.  $2238.944.  28.  $8,206.  29.  $19,188.  30.  $58,494. 
31.  $286,888.  32.  $31,711.  33.  $4,933.  34.  $783,082. 
35.    $66.54.         36.    $53,946. 

Page  219.— 37.    $410,841.  38.    $169,928.  39.    $1440.555. 

40.    $101,767.         41.    $76,611. 

Page  220.— 2.   $3,075.        3.  $25,744.        4.  $67,207. 

Page  221.—  5.  $77,643.  6.  $  123.33.  7.  $427.56.  8.  $  153.208. 
9.    $82,791.         10.   $153. 

Page  223.  —  2.   $244,187,  proceeds.  3.    $  143.223,  proceeds. 

4.  $79,909,  proceeds.  5.  $980,625,  proceeds.  6.  $  741,  proceeds. 
7.  $1228.54+,  proceeds.  8.  $54,469,  proceeds.  9.  $117.46f, 

proceeds.  10.    $493,388,  proceeds.  11.    $8,528,  proceeds. 

12.   $387,111,  proceeds.        13.    July  12th. 

Page  224.  — 14.    ApriL9th.  15.    Dec.  12th.  16.    $461,317. 

17.    $124,242.  18.   $21,488.  19.   $90,202.  20.    $685,542. 

22.    $2000. 

Page  225.  — 23.  $836,729.  24.  $2000.  25.  $725.  26.  $319.60 
(no grace).  27.  $978.50.  28.  $878.75.  29.  $641.25.  30.  $712.02+, 
note  ;  $12,979,  gain. 

Page  226.—  31.    $  88.802.     (Note  due  June  20  ;  time,  92  davs.) 

Page  232.— 2.    $508,717.         3.  $170,148.         4.    $283,103. 

Page  233.— 5.    $293,147.         6.    $526,335.         7.    $210,806. 

Page  234.  —  8.   $318,559^.        9.  $436,923.        10,    $125,496. 

Page  235.  —2.    $962.04  (Ohio). 
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Page  236.— 3.  $1298.80.  4.  $4415.60.  5.  $770.12  ;  $769.21. 
6.  $807,066  ;  $805,428. 

Page  237.  — 8.   $316,425. 

Page  239.  — 2. -$129,303.     3.  $389,568.    4.  $900,407.     5.  $141,191. 

Page  240.  — 1.  $3,906.  2.  $32,682.  3.  $  86.458.  4.  $229,858. 
5.  §398.304.  6.  $290,367.  7.  $2,354  (by  days).  8.  $940.47 
(by  days).         9.  $7,791  (by  days). 

Page  241.  — 11.  5.         12.8.        13.8.        14.8.        15.8.        16.7. 

Page  242.  —  18.  2  yr.  6  mo.  19.  3  yr.  11  mo.  +  .  20.  2  yr.  7 
mo.  15  da.         21.    10  yr.         22.   8  yr.  4  mo.         23.    33  yr.  4  mo. 

Page  243.  — 25.  $317.50.  26.  $3600.  27.  $3600.  28.  $204000. 
29.   $30000.         30.    $7500.         31.   $2540. 

Page  244.  —  33.  $64.40.  34.  $540.  35.  $360.  36.  $2400. 
37.    8  750. 

Page  245.— 1.    $35,635.  2.    $178.88.  3.    7%.  4.    8%. 

5.  2  yr.  9  mo.  23  da.  (22$  da.).        6.   1  mo.  8  da.  +  .       7.  0  mo.  24  da. 

8.  S408.        9.   $630. 

Page  246. —  10.  $35,602.       11.  $192.78.       12.  $600.       13.  $265. 

14.  $360  (9  mo.  19  da.).       15.  334  yr.       16.  $445,783.      17.  $20000. 
18.    $20000. 

Page  247.-2.  $  250,  pres.  worth  ;  $  10,  dis.  3.  $  199.095. 

4.  $7,721.       5.  $286,014.        6.  $94.82.       7.  $25,936.       8.  $20,202. 

9.  $4,766. 

Page  248.  — 10.    $2,178.         11.    $400.         12.    $5. 
Page  250. —1.   $59500.         2.  $3075.         3.  $27000.         5.  $3200, 
stock.         6.    $13600.         7.    $800.         8.    $340;  $595. 
Page  251.— 10.  $51000.     11.  $70000.     12.  $420.    13,4%.     14.6%. 

15.  $340000.         17.    $33000.         18.  $420.         20.  4%.         21.  83$%. 
Page  252.  — 22.  80%.     23.  $30,  loss.     24.  $20,  gain.     25.  $1200, 

loss.       26.  $476,363.       27.  $100,  gain.       28.  $60.  sain.       29.  7$%; 
6$f%.        30.   U.  S.  4|'s;  $%;  the  same.        31.    U.  S.  3$'s;  $%;  $15. 
"Page  253.— 32.    Mo.  6's;  |%.         33.    U.  S.  5's  ;  T235¥%. 
Page  255.  —  2.  $1243.75.  3.    $1052.625.  4.    $2537.50. 

6.  $644.15.         7.    $314,613. 

Page  256.  —  9.  $980.  10.  $1250.  11.  $4740.500.  13.  $800. 
14.    $360.         15.    $4654.04+. 

Page  258.  —  2.    $1078.111.  3.    $974.11.  4.    $1465.952. 

5.  $1216.518.         7.    £451  2s.  6cZ.         8.    £240. 

Page  259.  — 10.    $1250.         11.    $1040.  13.    12565$  fr. 

Page  260.  — 14.    $1250.      15.  33471  fr.      17.   $405.30.      18.  $709. 

Page  261. —20.  1371f  marks.  21.  $229.20.  22.  2160  marks. 
23.    9074$  marks. 

Page  275.— 13.   2|.         14.    f.  15.    2.2.         16.    .45.         17.    §. 

18.   9.         19.   T52°T.         20.  6.         21.   \.        22.  \.        23.   \.         24.  &. 

Page  276.— 25.    3:4.  26.    9:12.  27.    }:£  28.   The 

same.  29.    The  same.  30.   fyr.  :fyr.       32.   jf  | ;  $.       33.  TV 

35.    2:3. 

Page  278.  — 11.    12.  12.    48.  13.    6.         14.    30.         15.    36. 

16.  .13.  17.    14.4.  18.   .75.  19.   $§.  20.   ff  21.   l$f. 
22.    fV         23.   54  lb.         24.     14  oz.         25.   240  days.         26.    1. 
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Page  281.  —  28.    $824,444.  29.   $17142.857.  30.    180  A. 

31.    §6.90.         32.   36000.  33.    66600.  34.    52°.  35.    54  bbl. 

36.    200  ft.         37.    150  ft. 

Page  282.— 38.   $5400.        39.   $80.        40.   181T.        41.   208  bbl. 

42.  41f  A. 

Page  283.  —44.    14f  days.  45.    36  men.  46.    40  and  50. 

47.  140  and  500.  48.  $4500;  $5100.  49.  60  mi.  ;  90  mi.  50.  $24; 
$36.  51.  120;  180;  240.  52.  $150;  $120;  $90.  53.  32  ft.;  48  ft.; 
80  ft.     54.  c.  550  lb.;  n.  220  lb.;  s.  22  lb.     55.   $4200  ;  $3360. 

Page  284.— 2.    10.         3.    331         4.    81.         5.  49. 

Page  285.  —  7.  18  men.  8.  860.  9.  960  cu.  ft.  10.  63  bu. 
11.  256  mi.    12.  125  slabs.    13.  $99.    14.  15  days. 

Page  287.-2.  A's,  $2500;  B's,  $2000. 

Page  288.— 3.  A's,  $1600;. B's,  $900;  C's,  $700.  4.  A's, 
$4400;  B's,  $3300.  5.  A's,  $5000;  B's,  $8000;  C's,  $7000. 
6.  A's,  $5005;  B's,  $5915. 

Page  289.— 8.  A's,  $1350;  B's,  $1200;  C's,  $1050. 

Page  293.  —  3.  4096.   4.  3136.   5.  5625.   6.  6724.   7.  1444. 

8.  6889.   9.  8649.   10.  1521.   11.  6084.   12.  7225. 

Page  294.  — 14.  3.  15.  3.  16.  3.  17.  4.  18.  4.  19.  5. 
21.  6  ;  4.   22.  8  ;  6. 

Page  296.-46.  459.  47.  648.  48.  307.  49.  702.  50.  240. 
51.  640.  52.  261.58  +  .  53.  723.  54.  416.  55.  625.  56.  13.3. 
57.  .025.  58.  6.72.  59.  .094.  60.  8.68  +  .  61.  16.24  +  . 
62.  11.604  +  .  63.  24.221  +  .  64.  10.331  +  .  65.  23.8.  66.  ff. 
67.  if-  68.  161  69.  32}.  70.  1.414+ .  71.  1.732  + .  72.  2.236  +  . 
73.  2.06.  74.  1.07.  75.  2.03. 

Page  299.-2.  12167.  3.  32768.  4.  13824.  5.  157464. 
6.  79507.  7.  42875.  8.  132651.  9.  140608.  10.  106375. 
11.  421875.  12.  512000.  13.  262144.  14.  250047.  15.  456533. 
16.  405224.   17.  551368.   18.  614125.   19.  314432. 

Page  302.  —  31.  35.  32.  45.  33.  49.   34.  57.  35.  65.  36.  74. 

Page  303.  —  38.  145.   39.  325.   40.  352.   41.  301.   42.  107. 

43.  75.  44.  243.  45.  2.5.  46.  4.6.  47.  .4203  +  .  48.  .25. 
49.  12.5.  50.  23.7.  51.  3.04.  52.  T%,  or  i.  53.  ii.  54.  if. 
55.  If.  56.  31.  57.  1.259  +  .  58.  1.442  +  .  59.  27  in. 
60.  59.9+  in.         61.  34.5  in. 

Page  307.— 2.   12  in.      3.   36  ft.      4.  240  yd. 

Page  308.— 5.  30  ft.         6.  120  rd.        7.  225  ft.        8.  119.73+  ft. 

9.  872|  sq.  yd.     10.   10  yd.     11.  64  circles.     12.  16  circles.     13.  25  ft. 
Page  309.  —14.   127.32  +  .  15.  314.16  sq.  in.  ;  706.86  sq.  in. 

16.  196663355.75  sq.  mi.  17.  259333411782.86  cu.  mi.  18.  381.7044 
cu.  in.     19.  64  balls.     20.   3000  mi.     21.  64  ;  TV     22.   1000  ;  jfa. 

Page  310.  —  23.  33000  mi.  24.  12  in.  25.  240  mi.  26.  188.496 
sq.  in.  27.  1600  sq.  in.  28.  154.512  cu.  in.  29.  Glo.7oS6  cu.  in. 
30.   980  cu.  in. 

Page  311. —1.  658.  2.  2997.  3.  $15.98.  4.  $9.  5.  145ff  A. 
6.  2f|.  7.  91  8.  1^.  9.  f.  10.  5^fr.  11.  2511.  12.  ■&. 
13.  2|.      14.  if. 

Page  312. —15.  $960.  16.  $32000;  ^.  17.  7.039. 

18.  .0301965.  19.  1024.  20.   .002235.         21.  16000.         22.   .75. 
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23.  .003.  24.  .0000128.  25.  7  oz.  10  pwt.  26.  .01.  27.  $  .14175 
28.  40320  min.  ;  41760  min.  29.   7948800  sec.  30.  5091^ 

31.  422|.         32.   18  A.         33.   75  reams.         34.   184800  gr. 

Page  313. —35.   56  rings;  .8  pwt.         36.  300  sq.  ft.  37.  8  675. 

38.  $15.20.  39.  1188  steps.  40.  132  lengths.  41.  1340.625  boards; 
1345.  in  practice.  42.  7722  bricks.  43.  5760  A.  44    6  3640 

45.   8  20.50.  46.   S9f  " 

49.  8  313.60;  8  390.656. 

Page  314.  —  50.  52^-™..  51.  $36,561.  52.  $49.50.  53.  $42,082. 
54.  A .  680  lb.  ;  B,  4531  lb.  ;  C,  226|  lb.  55.  130  sacks  ;  1  bu.  1  pk.  rem. 
56.  $60.25.  57.  64151.  58.  11  hr.  28  min.  44  sec.  a.m.  59.  5  p.m. 
60.  4hr.42min.51f  sec.  p.m.  61.  ±.  62.  .65.  63.  7^j.  64.  T9^,lb. 
65.   23TV  bu. 

Page  315.— 66.  900  men.  67.  llf%.  68.  $4.50.  69.  6^%,  gain. 
70.  4%,  loss.  71.  $20,  loss.  72.  8100.  73.  $980;  17%,  gain. 
74.   $6  per  yd.         75.  60%.         76.  0%.         77.  25%. 

Page  316.  —  78.  S  141.382.  79.1611%.  80.8  369.322. 

81.  816.20.  82.  8  2048.  83.  $609,756;  487804.87+ lb.  84.  400  yd. 
85.  S  5.368.  86.  $688,888.  87.  $6,511.  88.  41%.  89.  6fi%. 
90.   8466f.        91.   $600;  8|%. 

Page  317.  — 92.  $289,532.  93.  $2,583;  $122,416.  94.  $7.429| 
(03  da.).  95.  $310,612.  96.  $  1100  ;  $220.  97.  $620.  98.  $212.50. 
99.  8  289.20.  100.   $1225.  101.   12396  fr.  102.   $4680.281. 

103.  9  mo.         104.  6  mo. 

Page  318.  — 105.  6|  mo.  106.  8  75.  107.  8  11  and  8 16.  1C8.  24  men. 
109.  126  bu.  110.  8  216.  111.  $375f.  112.  $4800.  113.  8  2400. 
114.   A's.  $555|;  B's,  $333|.       115.  20.5.       116.  3.5.     117.  40  feet. 

Page  319.  — 118.  65  mi.  119.  50  ft.  120.  160  rd.  121.  28.3+ ft. 
122.  28.28+  ft.  123.  154  cu.  ft.  124.  78  sq.  ft.  125.  7.854  A. 
126.  24.48+  in.  127.  64  balls.  128.  1728  blocks.  129.  120  blocks. 
130.'  60  bars.     131.   128.57+  bu.     132.   1480.55+  gal.  ;  47  bbl.,  nearly. 

Page  320.  — 133.  60.43+  bbl.  134.  544  bbl.  135.  564.019+  gal. 
136.   9.5  in.  137.  35.014+  ft.  138.'  70686  cu.  ft.  (30  ft.  mean 

diameter).  139.  65512.7+  mi.  140.  105434.8+  mi.  141.  4}  mi. 
142.   50  ft.       143.  3  hours. 

Page  341.  — 16.  A,  30  yrs. ;  B,  40  yrs.  17.  Hus.  42  vrs. ;  w.  30  yrs. 
18.    A,  10  yrs. ;  B,  25  yrs. ;  C,  30  yrs.  19.    A,  90  A.;  B,  54  A. 

23.   W,  $60;Ch.  $15.    24.  $160.    25.  A,  $1200  ;  B,  $3600  ;  C,  $2400. 

Page  342.-28.  240  bu.  29.  80ft.;  50ft.  30.  $80.  31.  $75. 
33.  A,  870  ;  B,  $55.       34.  270  ;  250.       35.   A,  200  ;  B,  80  ;  C,  60. 

Page  343.  — 36.  F.  40  yrs.;  s.  16  yrs.  37.  50  yrs.  38.  App.,  25 
bu. ;  pea..  10  bu. ;  pears,  15  bu.     39.   1st,  39  bu. ;  2d,  52  bu. ;  3d,  26  bu. 

Page  344.  —  42.  3f  days.  43.  3i  days.  44.  lHdaYs-  45-  2H 
days.       46.  41  hrs.       48.  40  days.       49.   18  days.       50.  15  days. 

Page  345.— 51.  30  men.       52.   16  days.       53.  3  days. 

Page  346.  —  21.  4  a2b  +  3  ab2.     22.  2  x2y2  -  3  xy.     23.  a2bc  +  3  6. 

Page  347.  —  25.    17  ab  -  19  ac  +  5  be.  26.    6  ab  +  4  b  -  9  c. 

27.  2  ax2  —  Wax.       28.  4  ax  +  ac  +  b2. 

Page  349.  —  12.  2  a  -  3  b  -  2  c.  13.  5  a2  -  10  ab  +  4  c.  14.  2  x2 
+  x2y  -  2  y2.  15.  d.  16.  14  x2  -  7  xy  -  2.  19.  x2  +  4xy-y2. 
20.  -3ax2  +  2bx. 
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Page  350. —31.  x  -  8.  32.  x  =  5.  33.  x  =  4.  34.  x  =  10, 
35.  x  =  30.     36.  x  =  21.     37.  x  =  10.     38.  x  =  7.     39.  x=7.    40.  x=10. 

Page  353.  —  27.  a4  -  2a35  +  2  a&3  -  &4.  28.  x°  -  4  x5  +  3  x*  +  2  x3 
+  4  x-2  -  15.  29.  3  a4  -  10  a36  +  10  a2b2  -  4  a&3.  30.  x4  -  2  x2*/2  +  y4- 
31.  x5  -  41  x  -  120.  32.  x4  +  9  x2  +  81.  33.  x6  -  34  x4  -  48  x2  4-  4  x 
4-  20.  34.  x5  -  5  x4  4- 15  x3  -  35  x2  +  24  x.  35.  1  4-  x  -  x3  -  x4.  36.  x* 
-y2-2y-l.     37.    x4  -  4  x3y  4-  6  x2y2  -4xy3  +  yA- 

Page  355.  —  21.  x2  +  xy  4-  ?/2-  22.  3  a  4-  2  6.  23.  x4  4-  y4. 

24.  14-2x4-  x2.  25.  a2  -  b2.  26.  x  +  a.  27.  2  x2  -  5.  28.  5  x2 
-  3  x  4-  9.     29.  a  +  b. 

Page  359.— 65.    (xy  -  5)(xy  -  5).  67.    2  x(x  -  2)(x  -  2). 

68.  x(x  -  5)  (x  -  5).  69.  5  a(a  -  b)  (a  -  b.  70.  2(a2  +  c2)  (a2  4-  c2). 
71.  3(x24-2)(x2  4-2).     72.  4(1  -  5  aft) (1  -  5 aft). 

Page  360.— 20.    (x  +  9)(x-2).  21.    (x4-7)(x-6). 

22.  (x-7)(x-4).  15.  ob(a-2b)(a-2b).  20.  3(4-?/) (4-?/). 
21.   3(x-?/)(x-2/).        24.    (3a-6)(3a-6). 

Page  361.-     *     a "  h  A     a~  K     «  +  & 


x?/ 


Page  363.— 36.    3  b.         37. -■        38.    1  4-  x.  39. 


a  +  b  a  +  b 

40.    x*,-*,2.        41.    -«-..        42.    *&  43.    <£-=-£        44.    ^ 

*      *  a-x  4  a26  2x 

45.    — — .        46.    a  +  b.        47 


a  —  b  x  4-  1 

Page  364.  — 7.    135  ft.     8.    112£  ft.     9.    135  ft.     10.    6|  oz. 

Page  365.— 11.  30  days.  12.  500  men.  17.  42  yrs.  ;  30  yrs. 
18.    F.  42  yrs. ;  s.  18  yrs.     19.    §48;  $60.     20.    136  ft. 

Page  367.-7.  A,  25  yrs.;  B,  10  yrs.  8.  30  rd.  by  20  rd. 
9.    GO  rd.  by  24  rd.     10.    20  rd.  by  8  rd.     11.    32  yd.     13.    60  rd. 

Page  368. —15.  40  yd.  16.  50  in.  3.  A,$60;B,  $90;  C,  $80. 
4.  $2400.    5.   F.  45  yrs. ;  s.  15  yrs.    6.  M.  50  yrs.  ;  d.  20  yrs.    8.  8  p.m. 

Page  369.  — 10.  1  day.  11.  8  days.  12.  3§  days.  13.  108;  45. 
14.    13$;  221.      15.    42,  43.      16.    14,  15,   16.      18.    25%. 

Page  370. —21.  12  hours.  22.  32  ft.  by  24  ft.  24.  20cts.  25.  $18, 
26.  A,  30  yrs.  ;  B,  15  yrs.     28.    $  35.     29.   $  50.     30.    9  hours. 
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